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SUMMARY 
A cell is an organism in itself. It consists of a 
cell surface membrane enclosing thousands of different 
molecules that makes up the raachinary of life. Much of the 
physiology of cell is controlled at the plasma membrane 
level. Calcium ion is critically important regulator of the 
activity of the cell. In addition to a wide variety of 
function, calcium also helps cell membranes to maintain 
their structure and cling together. 
Increasing evidence indicates that calcium ion plays 
as an intracellular mediator and is no doubt involved in the 
regulation of variety of biological processes in response to 
external stimuli.. In many cases, calcium ion acts through 
calmodulin (CaM) and a number of CaM sensitive enzymes such 
as Ca -activated neutral protease (calpain) which contains 
two domains significantly homologous to thiol proteases and 
a Ca*" -binding domain. Calpain a ubiquitous calcium 
activated neutral protease is known to be present in atleast 
two forms calpain I a micromolar Ca -requiring and calpain 
9 + II a millimolar Ca -requiring enzyme. 
It is well established that many proteins are subject 
to turnover. Therefore one of the main functions of 
proteases lies in their participation of normal turnover of 
protein and provides a level of quality control, for the 
cellular protein pool by eliminating abnormal and 
potentially toxic proteins. Turnover of proteins is the 
result of complicated interplay of synthetic reactions and 
degradative processes. Moreover they are influenced by many 
variables such as nutritional, growth phase and process of 
differentiation. Limited proteolysis is applied not only to 
proteolytic activation of inactive proenzyme, but also to 
proteolytic modification as well as maturation (or 
processing) of protein To obtain insight into regulatory 
functions of calpain, it is necessary to understand these 
functions and to study how they can be controlled. 
To the best of our knowledge no detailed study dealing 
calpain in intestine has been carried out. Therefore 
isolation, partial purification and characterization of 
calpains and its endogenous inhibitor calpastatin was 
attempted with a view to understand their physiological role 
in rat intestinal epithelial cells. 
The presence of calpain I, II as well as calpastatin 
in rat intestinal epithelial cells have successfully been 
demonstrated. The Ca - dependent neutral proteases 
(calpain I and II) were partially purified by judicious 
combination of dialysis, DEAE cellulose and gel filtration 
chromatography. Calpain I and II were partially purified to 
1300 and 887 folds respectively. The percent yield obtained 
for calpain I and II were 57 and 53 respectively. The rat 
intestinal calpain I and II were optimally active at 25 nH 
and 4 mM CaCl2 respectively. They showed maximum activity 
at pH 7.5. Calpastatin isolated as partially purified 
preparation demonstrated drastic inhibition of calpain I and 
II at very low concentrations. The one-half activities of 
calpain I and II were inhibited by calpastatin at 1.75 and 
1.86 ug protein concentration respectively. The partially 
purified enzyme preparations were found to be satisfactory 
to elucidate the r-ole of calpain under various physiological 
and pathological conditions. 
Development of intestinal epithelial cell is highly 
complex and archestrated event. The underlying process 
which control cell division, differentiation and denudation 
of upper villus cells remain to be elucidated. Several 
lines of evidence suggest a possible relationship between 
intracellular protein breakdown and both cell 
differentiation and maturation. Therefore, studies taking 
into account a dynamic and fluctuating balance between 
calpain and calpastatin in cell differentiation and aging 
process seems to be promising. The intestinal epithelium 
lends itself well to such a study because of the unique 
segregation of cells as they migrate from crypt zone to the 
villus tip. The epithelial cell beginsas undifferentiated, 
mitotically active cells at the base of the crypt and 
differentiates as it moves up villus to reach full maturity. 
Relative amount of calpain and calpastatin in different area 
of villus and crypt cells may be crucial for the role of 
Ca -dependent proteolytic activity during development and 
morphological differentiation. 
Therefore an attempt has been made to see how calpain 
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expression is developmentalLy related in the intestinal 
epithelial cells on the gradient of crypt to villus zone in 
neonatal to old rats. Furthermore, differential expression 
of calpain I, II and calpastatin along villus to crypt axis 
has also been evaluated in adult rat. Previous reports in 
brain generally provide no information regarding calpain I 
in aging process. Although calpain I is generally thought 
to be physiologically more important than mM Ca requiring 
calpain II. Calpain I can be activated to 50% at 2 uM Ca 
9-(-
which is not far from the average Ca'' concentration in the 
cell. Since calpain II is reported to be activated at cell 
membrane surface on Ca -dependent binding and reducing its 
calcium requirement to uM. Therefore Ca -membrane binding 
study has also been carried out. 
The overall results regarding age-related changes of• 
calpain I and II indicate that the expression of enzyme are 
not identical along villus to crypt axis in the intestine of 
weanling, adult and old rats and modulation with aging are 
somewhat different regionally. Influences on regional 
heterogeneity may be contributed by differences in 
substrates, their relative concentrations, degree of 
membrane binding and posttranslational modification etc. 
Result reveals that calpain I is not well expressed in upper 
villus of weanling rats in dialysed material as well as in 
DEAE eluates. Vfhile calpain II is present in abundance in 
DEAE eluate. Whereas, in adult rats both calpain I and II 
are present in dialysed and DEAE cellulose eluate. In old 
rats only calpain I is significantly present in dialysed as 
well as DEAE eluate of upper villus region indicating 
thereby the conversion of calpain II into calpain I along 
the aging process and this conversion is developmentally 
regulated. 
Survey of results also indicate that in various 
regions calpains either I or II or both is not present in 
dialysed homogenate. But after removal of calpastatin on 
DEAE cellulose fractionation, calpain activities are 
significantly expressed. Therefore, it seems clear that 
expression of calpain activities are totally regulated by 
calpastatin and calpastatin concentrations vary all along 
the crypt to villus region as per its requirements. 
Observations described here provide first 
demonstration about distribution profile of calpain and 
calpastatin to implicate its role in regulation and/or 
expression of differentiation in adult rat intestinal 
epithelial cell system. Results, further, implicate that 
proteolytic properties may not be identical throughout the 
gradient of differentiation along villus to crypt axis. The 
data in the literature also support such a role for calpain in 
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morphological diffe:^tiation as cytoskeletal proteins are 
selective substrates for calpain which may be implicated to 
regulate the surface chemistry and morphology of the cells. 
The change in calpain dynamics can be correlated with 
morphological differentiation. The activity of calpain was 
not properly expressed in middle and lower villus of adult 
rat intestine until removal of the inhibitor. 
Concomitantly, the activity of calpastatin -increased in 
lower and middle villus region which subjectively accounts 
unexpressed calpain activity. 
The result very well suggests that calpain may be 
quite primary in morphological event. If the growth of 
cytoskeletal proteins is ongoing, limited degradative action 
of associated protease such as calpains in upper villus and 
crypt, inhibition of calpains in middle and lower villus 
cells might alter the dynamic balance of synthesis and 
degradation. The findings presented for cell 
differentiation of intestinal epithelial cells indicate 
atleast part of the general mechanism by which cell 
differentiation is encouraged. 
Transient changes in cytosolic Ca underlie a number 
of important physiological processes which include 
regulation of cell structure and its function. On the other 
hand, the impairment of mechanisms that regulates cytosolic 
Ca level can result in nonphysiological increase of Ca 
in the cytosol. Since this may be associated with the 
activation of certain degradative enzymes, it has been' 
proposed that cell damage caused by various toxic agents 
could be mediated by a sustained elevation of cytosolic Ca^ "*" 
concentration. To study fluoride mediated changes in 
calpain activity in intestinal epithelial cells, Ca^^-
membrane incorporation. Ca^^ uptake and redistribution of 
metals in intestinal epithelial cells essentially provides 
certain insights for the mechanism of action of fluoride in 
the modulation of calpain dynamics during differentiation 
stages. Intestinal epithelial cells isolated along the 
gradient of differentiation revealed that Ca uptake 
decreases from villus to crypt axis. Fluoride treatment (5 
and 10 mM) caused an enhancement of Ca uptake upto 59% in 
upper villus and 20% in middle villus. However, crypt zone 
cells showed decline of upto 20%. Further, in_ vivo studies 
following oral administration of fluoride (25 mg/kg body 
wt.) revealed significant alterations in the dynamic balance 
of calpain I and II activities along villus to crypt axis. 
Increase of calpain activities throughout villus zone was 
the indication of an enhanced rate of Ca dependent 
proteolysis due to fluoride possibly through the involvement 
of G-proteins in the process of Ca-mobilization. 
Conversely, crypt cells where G-protein and or related 
enzyme(s) systems are probably not properly developed, 
revealed low Ca uptake and inhibition of calpain 
activities. In addition Ca -membrane binding studies 
further correlates well with calpain regulatory phenomena 
all along the villus to crypt axis. Calpain mediated 
proteolysis which has been suggested as being a defence/or 
regulatory mechanism for the removal of protein damaged by 
xenobiotic insult^ may also be a rapid and novel index of 
xenobiotic mediated cellular injury. 
It can be concluded that the possible influence of 
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calpains and calpastatin in intestinal epithelial cells 
could provide an interesting perspective atleast to consider 
their roles in intestinal epithelial cells during 
differentiation and aging process, a condition in which 
proteins of cytoskeleton, and membranes are normally-
processed. Furthermore, several other processes involved in 
the entire calcium cascade would also get influenced in case 
of calpain modulation. Intestinal epithelial cells and 
their surface membranes are the first target sites of insult 
on entry of various chemicals through water and food. 
Therefore, studies on intestinal epithelial cells calpain 
under chemical stress could provide some insights atleast in 
part into the mechanism of cell and cell membrane damage due 
to alteration in intracellular calcium. 
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1.1 INTRODUCTION 
A living cell is an independent entity capable of 
carrying out many functions. In a multicellular organism it 
also interacts with other cells and organs. For example, 
insulin is released from pancrease and acts on adipocites 
etc. Thus body functions require interactions. Same thing 
is true for membrane. The membrane constituents together 
impart the membrane certain individuality but if they are 
isolated they are merely chemicals. "Interaction" of 
membrane constituents make the complete membrane. If the 
"interaction is removed the whole membrane propeties are 
lost. 
In scientific persuits there are mechanistic as well 
as holistic approaches. In biological sciences the holistic 
approach is the most appropriate approach. But in order to 
probe at the molecular level it is important to study the 
molecules in isolation as well. Once we have enough 
information on the individual molecules it is necessary to 
study the role of a particular molecule in the whole animal. 
The present dissertation comprises the studies on the 
role of calcium in intestinal epithelial, cells. This 
problem was appraoched by the mechanistic as well as 
holistic methods. The mechanistic appraoch was the 
isolation of calcium activated protease (calpain) and its 
action on membranes while the holistic approach was in situ 
studies and the changes were compared with in vitro studies. 
The membranes have by and large the same basic 
structure but there is variation in membrane structure 
depending upon the functions of any particular membrane. 
1.2 GASTROINTESTINAL TRACT (GI-TRACT) 
The GI-tract has the same basic structure from stomach 
to rectum. The luminal surface is covered by a layer of 
columnar epithelial cells, goblet cells and endocrine cells. 
The small intestinal structural features include crypt, 
villi and microvilli which increases the mucosal surface 
area and contain appropriate digestive enzymes, transport 
mechanism and receptors, which sense the luminal environment 
and elicit appropriate responses via hormonal or neural 
mechanism. The mucosal epithelial cells of the small and 
large intestine are responsible for the active absorptive 
and secretory fucntions of the Gl-tract. The mucosal cells 
have a short life span because of physical and chemical 
pressure. The Gl-tract has an abundant blood supply 
providing oxygen and nutrients to the entrocytes. 
Since Gl-tract is the most common portal of entry of 
chemicals. It is evident that this site has to face one of 
the greatest loads of xenobiotics in the body. Therefore, 
it is expected that toxic reaction will occur frequently in 
the Gl-mucosa, which may release toxic metabolic products in 
the leumen. But exfoliation effectively removes cells 
carrying modified genes due to toxic chemicals. In this way 
potentially harmful transformed cells are removed. 
1.2.1 SmalX Iptestj.pQ 
The digestion and absorption occurs predominantly in 
small intestine under normal circumstances. The small 
intestine is coiled and has considerable length which is 
further increased by the submucosal folds or plica 
circularis. These are most prominent in the distal duodenum 
and proximal jejunum, decreasing along the jejunum and 
disappearing at the distal ileum. The absorptive surface of 
the intestine is increased about 7 to 14 folds by the 
contribution of villi. Another important characterstic of 
the small intestine specifically in the distal portion of 
jejunum and ileum, is the lack of mucous glands. For this 
reason these segments of the small intestine are 
particularly sensitive to xenobiotic injury. The 
morphological make up of small intestine includes tiny 
finger like projection called villi and crypts of 
Lieberkuehn in which the brunnors glands empty their 
products (laterpoulos, 1986). 
1.2.la Crypt : 
The crypt region of the epithelium has 
undifferentiated cells, goblet cells, enteroendocrine cells, 
paneth cells and a few caveolated cells. Undifferentiated 
crypt cells are the most abundant cell type of the crypt 
cells. These cells show the highest proliferative 
reactivity. Crypt cells are the precursors of the coloumnar 
absorptive cells and of all the other cell types. These 
undifferentiated cells have less abundant and shorter 
microvilli on their apical surface. Their glycocalyx is 
less developed, the tight junctions are very shallow and 
they have intramembrane particles. The crypt cells have a 
very well developed golgi apparatus which lacks lipoprotein 
particles. They also have large (round) mitochondria and 
prominent secretory granules. In crypt cells glycogen 
particles may be detected (Trier, 1963), but isolated 
mucosal cells appear to be substrate defecient (Jones et 
al•, 1980). Paneth cells are very stable. They do not 
divide or migrate but they degenerate. They replenish after 
every 4 weeks. 
1.2.1b Villi : 
The villi have cores of lamina propria without 
submucosa or muscularis mucosa. Height of the villi 
increases during lactation and following partial retraction 
of the small intstine. Diet also- plays an important role as 
to the actual bioavailability of the small intestinal 
surface and overall morphology. For example, high fiber 
diet broaden the villi (Boyne et^al•. 1986). The villi have 
a rich supply of lymphatic vessels. The lymphatics are 
located centrally.' In the lamina propria, there are plasma 
cells, lymphocytes, macrophages, eosinophils, mast cells, 
fibroblast cells, unmyelinated nerve fibers and smooth 
muscle cells. The villus epithelium has enterocytes 
(absorptive cells), goblet cells, enteroendocrine cells and 
a very few caveolated cells (Brunser and Luft, 1970; Clarke, 
1971; Cheng and Leblond, 1974; Altman, 1976; clarke, 1977). 
(i) Goblet Cells : 
The goblet cells are mucous secreting cells that are 
present with increasing frequency from the jejunum to the 
distal Ileum. Their apical microvilli are sparse apd their 
terminal web and glycocalyx are not well developed. In 
addition to numerous mucous granules, there is an abundance 
of rough endoplasmic reticulum, free ribosomes, 
mitochondria, lysosomes and golgi complexes. It takes three 
days for the goblet cells to migrate from crypt to villus. 
The mucous secreted by goblet cells, covers-the lumen of the 
gut. The mucous is rich in carbohydrates (fucose, 
galactose, glucosamine, sialic acid) and contains 10% 
protein (Bella and Kim, 1972; Forstner et_ al_. , 1973). 
(i i) Enterocytes : 
The mature absorptive cells are highly polarized cells 
performing various functions such as absorption, digestion 
and transport. The apical surface of the enterocyte 
contains 0.1 - 2 nm long and 0.1 nm, wide microvilli. The 
luminal surface of the enterocyte is also covered with well 
developed glycocalyx (Trier, 1969). The continum of 
microvilli constitute the brush border. The detailed 
structure and function of the microvilli is described under 
the section brush border membrane. The constituents of 
lateral plasma membrane are also rapidly synthesized by the 
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enterocytes (Bennett and Leblond, 1970). Due to the 
presence of microvilli on luminal surface of the 
enterocytes, the luminal plasma membrane is thicker than the 
basolateral membrane. The luminal and basolateral membranes 
have been shown to have quite different properties in terms 
of ultrastructure (Oda, 1976), lipid and protein composition 
(Forstner and Wherrett, 1973; Fujita et sil^. , 1973; Brasitus 
and Schachter 1980; Hansson, 1983), lipid dynamics 
(Schachter and Schinitsky, 1977; Brasitus and Schachter 
1980), electrophysiological properties (Schultz et al., 
1977), enzyme activities (Douglas et al 1972 ; Murer et al., 
1976; Walling et_ al., 1978), transport mechanism (Murer si 
al. , 1974) and binding properties (Dharmsathaphorn ei aJL- , 
1983). During absorption the enterocytes synthesize 
proteins. In the presence of puromycin which blocks protein 
synsthesis at the ribsomes, no postprandial hyperlipemia 
occurs and there is an accumulation of lipids in the mucosal 
cells (Friedman and Cardell, 1972). This indicates the 
necessity of concurrent protein synthesis in the absorption 
of lipids. 
1.2.1c Cell Restitution and Regeneration of GI-
tract mucosa: 
The epithelial integrity is maintained by two 
different processes i.e. restitution (Silen and Ito, 1985) 
and regeneration. Restitution appears to be complete in 2 h 
to close denuded areas in the mucosa. The presence of 
cytochalasin B completely blocks the migration of cells. 
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This suggests that the microfilaments of the epithelial 
cells are of importance in this process (Silen and Ito, 
1985). 
Due to constant cell exfoliation (Lipkin, 1981), there 
is constant need of new cells. This process requires 
regeneration and cell division (Silen and Ito, 1985). It is 
now well established that epithelial lining of the Gl-tract 
is a dynamic, actively proliferative tissue which renews 
itself rapidly and regularly. 
1.2.Id Altered Renewal : 
Factors that interfere with cell proliferation of the 
intestinal epithelium may greatly alter not only the 
morphology of the individual epithelial cells but also the 
general architecture of the glandular mucosa. With its 
rapid renewal rate, the intestinal epithelium is 
particularly susceptible to diverse- factors which may 
influence cell proliferation. Administration of 
radiomimetic cytotoxic drugs such as folic acid antagonists 
and colchicine also results in mitotic inhibition in the 
intestinal crypts of man (Trier, 1962) and small mammals 
(dark and Haraland 1963; Vitala et al.. , 1954). If exposure 
to these agents is sufficiently intense, the reduced cell 
proliferation in the crypts results in an inadequate outflow 
of new cells onto the villi to replace the senescent 
epithelial cells shed into the gut lumen from the villus 
tips. As a result the villi become shortened and the 
to 
absorptive surface is significantly reduced (Vitala et al-, 
1954). In addition to these gross histological changes, 
extensive cytoplasmic and nuclear damage to both crypt and 
villus epithelial cells has been observed after exposure to 
radiomimetic drugs (Trier and Browning 1966). After lethal 
doses of radiation or radiomimetic drugs cell proliferation 
may be reduced below the critical point required to maintain 
an intact epithelial lining in the gut and death may occur 
as a direct result of the intestinal lesion (Williams et 
al•, 1958). However prolonged exposure to low or even 
moderate doses of radiation can induce adaptive changes in 
intestinal cell renewal sufficient to maintain the integrity 
of the epithelial, lining with preservation of adequate 
intestinal function to permit survival of the host (Quastler 
et al_. , 1959) . 
Other factors that have been shown to reduce the •rate 
of cell renewal in the sm^ll intestine of small mammals 
include starvation (Hooper and Blair 1958), protein 
depletion (Dev and Ramlingaswami, 1965 and Takano, 1964) and 
elimination of normal bacterial flora from the lumen of the 
intestine. In each of these conditions, shortening of the 
villi has been observed. It has also been shown that normal 
aging results in a slowing of the proliferative process in 
the crypts of the duodenum and jejunum. 
Abnormal cell proliferation" probably is an important 
feature of celiac sprue, a disease in humans which results 
n 
in diffuse structural abnormalities of the small intestinal 
mucosa. In this disorder, the small intestine responds to 
exposure of the gluten contained in certain cereal grains 
(Wheat, barley and rye) in a characteristic fashion mucosa 
becomes flat, villi are markedly reduced in height or are 
absent entirely and the depth of the crypts is greatly 
increased. 
Thus there is no doubt that factors affecting cell 
proliferation of the small intestinal epithelium may alter 
mucosal structure in a vareity of ways. The dynamic nature 
of this epithelium with its constant and rapid cell renewal 
rate must always be considered when one interprets its 
morphology in normal, experimental or pathological 
conditions. 
1-2.le Growth. proliferation and differentiation of 
intestinal epithelial cells 
A common stem cell is the origin of all columnar crypt 
cells, the paneth cells, the goblet cells and the 
enteroendocrine cells (Lipkin, 1981). The duration of cycle 
is 48-54 hr in duodenum and jejunum. Under normal 
conditions migration of absorptive and goblet cells from the 
crypt to the villus tips takes 5-6 days (Merzel and Leblond, 
1969). The life span of villus cells in rats is about 36 h, 
whereas the life span of individual cell membrane components 
like sucrase is only 2.5 to 6 h. 
The proliferative cells are present only in crypts. 
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The rate of prliferation is maximal at young age (Lipkin et 
al., 1983). Proliferation or growth are balanced by cell 
loss through exfoliation of surface (Harding and Morris, 
1977). The proliferative activity and migration velocity of 
cells followed a circadian rhythm (Kaur and Potten, 1986). 
The proliferative or mitotic activity is under the 
influences of hormones such as adrenal corticosteroids, 
prolactin growth hormone and thyroxin (Delaney et al;, 
1979; Johnson, 1988). The proliferation is also controlled 
by the number of generation after leaving an "eternal" stem 
cell depending upon the kinetic behaviour of the stem cell 
(Meinser and Sandblad, 1986). During migration the process 
of cellular differentiation is also continued (MacDonald et 
al., 1964). The epithelial cell differentiation process is 
governed by several extracellular signals such as nutrients 
(Weser et al., 1986), growth factors (Malo and Menard, 
1982), hormones (Malo and Menard 1983; Solomon, 1986; 
Johnson 1987) and extracellular matrix (Carroll et al., 
1988). piasaccharidases, alkaline phosphatases and 
dipeptidases are not found in the crypts but are high at the 
apexes (Nordsfrom and Dahlqvist, 1973). The adult pattern 
of alkaline phosphatase and maltase develops rather slowly 
in rats (Simen et al., 1979; Komoda et al., 1986). The 
diet, glucocorticoids and thyroid hormone contribute to the 
developmental patterns of disaccharidases (Henning 1979). 
Villus tip regions are rich in Ca'' -ATPase and phytases than 
the lower villi region (Chan and Atkins, 1983). There is 
n 
more fatty acid binding px-otein in the villus tip cells than 
in the crypts (Jodal and Lundgren 1973; Ockner and Manning 
1974). There is difference in glycocalyx composition of 
villus and crypt cells (Etaler and Branstrator, 1974). 
Furthermore, there are clear differences in the glycolipid 
content between the crypt and villus cells. At the villus 
tips, there are fewer gohlet cells than in other parts of 
villi (Moe 1955). 
1.3 INTESTINAL CALCIOM TRANSPORT 
1.3.1 Calcimn absorption and Yi-bamin D : 
Calcium absorption and the role of vitamin D in this 
process has been intensely studied for decades, considerable 
progress has been made in understanding the basic mechanisms 
involved and this progress has been well documented in large 
number of reviews and chapters (Bronner and Coburn, 1982; 
Nemere and Norman, 1982; Wasserman and Fullmer, 1983; Deluca 
and Schnoes, 1983; Gmaj and Murer, 1984). As with other 
steroid hormones, the most active vitamin D metabolite, 
l,25(OH)2D3. binds first to a specific cytosolic receptor 
protein and then moves to the nucleus where transcriptional 
events are initiated leading to ds. novo protein synthesis 
(Henry and Norman, 1984; Deluca, 1984; Norman 1984). 
Actions of l,25(OH)2D2 on the intestine without gene 
activation have also been observed (Norman, 1984). 
Passive Ca'^  absorption has been derftonst.rated la vivo 
over the entire length of the small intestine (Bronner et 
14 
al., 1986). Passive Ca2+ absorption has been shown to be a 
non saturable function of the luminal Ca concentration and 
to be independent of vitamin D and age (Bronner _et _al_. , 
1986). 
P J. 
In addition to passive Ca absorption, active vitamin 
?+ D-dependent Ca absorption has been demonstrated. The rate 
of active Ca absorption is a saturable function of luminal 
9-1-
Ca" with a half maximal concentration around 1 to 1.5 mM 
(Km value) (Bronner et_ al_. , 1986; Favus et al. , 1980; Favus 
1985). This active component of Ca absorption is most 
9 + 
conspicuous in the duodenum during periods of increased Ca 
needs such as grwoth, pregnancy, lactation or when diet is 
low in calcium (Halloran and Deluca 1980; Favus 1985; 
Bronner _et al_. , 1986). The rate of active Ca absorption 
is positively correlated with circulating levels of 
l,25(OH)2D3 and with the cellular content of vitamin D-
dependent calcium binding protein, which is the best studied 
molecular expression of l,25(OH)23 action in the intestine 
(Bar et al., 1979; Halloran and Deluca 1980; Pansu et al., 
1981; Deluca 1984; Bronner et_ al_. , 1986). 
1-3.2 Factors influencing transcellular Ca- fluxes 
The vitamin D metabolite l,25(OH)2Dg is unquestionably 
the most potent stimulus for active Ca absorption in the 
9+ intestine but other factors influencing Ca absorption have 
also been described (Levine ^ j^ l-> 1982). 
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1.3.2a Sodiiim : 
Since Ca"^  extrusion out of the cell is mediated by an 
ATP-dependent Ca*^  pump, the Na /Ca*^  exchanger or both, 
omission of Na"*" from, or adding ouabain to, the serosal 
solution should provide information on the importance of 
Na /Q,sr exchange in active Ca absorption. In Na free 
solution, the active Ca transport rate was not influenced 
in duodenum and colon (Favus, 1985) but reduced to 25% of 
the control value in cecum (Nellans and Goldsmith, 1981). 
Also addition of ouabain reduced net Ca flux in cecum by 
40% (Nellans and Goldsmith, 1981) but had no effect in 
duodenum and colon (Favus et al^ . , 1983; Favus, 1985). These 
data suggest a primary role for the ATP-dependent pump in 
Ca extrusion in duodenal and colonic epithelium, while in 
rat cecum Na /Ca exchange is obviously more prominent. 
1.3.2b Hypertens ion : 
There is increasing evidence that calcium metabolism 
is abnormal in essential hypertension in human as well as in 
spontaneously hypertensive rats (McCarron et. al., 1985). 
Also intestinal Ca transport could be abnormal in the 
animal model but the published reports are conflicting. The 
first study reported identical Ca*^  absorptive rates in 
young spontaneously hypertensive rats (SHR) and Wistar-Kyoto 
control rats (WKY) but in adult rats Ca*^  absorption in SHR 
was significantly higher than in controls (Toraason and 
Wright, 1981). Schedl et al. (1984) reported a decrease in 
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9-1-
Ca"' absorption in young and adult SHR compared to WKY 
controls inspite of normal concentrations of 1, 25(OH)2D3-
In a later study it was shown that Ca absorption in SHR 
responded normally to dietary Ca*^  depletion and it was 
concluded that vitamin D-dependent Ca absorption was 
intact in SHR but vitamin D-independent absorption was lower 
than in WKY control rats (Schedl _et al_. , 1986). 
9-1. 
Significantly lower net absorptive Ca'" fluxes in SHR is 
also reported (MacCarron et al., 19S5). 
1•3.2c Glucocorticoids : 
It is well established that high doses of 
9+ glucocorticoids decrease active Ca absorption in the 
proximal small intestine (Kimberg et al., 1971; Feher and 
Wasserman 1979; Yeh and Aloia 1986). The mechanism behind 
this effect is most likely a decrease in the brush border 
permeability for Ca (Braun et al., 1984) leading to 
9 + 
reduced mucosa to serosa Ca'* fluxes (Kimberg et al. , 1971). 
Glucocorticoids also reduced the amount of vitamin D-
9 + dependent Ca -binding protein in chick duodenum (Feher and 
9 + 
Wasserman 1979). The reduction in net Ca absorption was 
comparable to the reduction obtained by vitamin D-depletion 
while an extra dose of l,25(OH)2D3 corrected • the 
9 
glucocorticoid-induced reduction in Ca*^  absorption (Carre 
et al. , 1974). The effect of glucocorticoids further down 
9+ the small intestine is mainly on passive Ca movement. 
•4-
High doses of glucocorticoids stimulate active Na 
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absorption and vjater absoi-ption along the whole small 
intestine but the magnitude of this effect increases from 
duodenum to ileum (Charney et al_. , 1975; Yeh and Aloia 
1986). Increased Na absorption hyperpolarizes the 
intestinal epithelium, resulting in lumen more negative 
potentials compared to controls (Charney et al^ -> 1975). 
This potential difference provides an extra driving force 
for Ca"^  secretion. In addition, the extra concentrating 
effect, resulting from increased volume absorption, leads to 
larger ca"" fluxes from mucosa to serosa. 
1.4 CALCIUM INFLUX MECHANISM 
1.4.1 Isolated intestinal epi-thelial cells and brush 
border memrbanes : 
Ca" influx has been studied in isolated cells and in 
brush border membrane vesicles and is shown to 'be a 
saturable function of medium Ca . The question is, how do 
these kinetic parameters compare to the events occurring in 
the intact intestine? As demonstrated by Nellans and 
Goldsmith (1983), net active Ca fluxes measured in Ussing 
9 J. 
chambers are compatible with Ca" influx rates into the 
2 8 
cell. 1 Cm of duodenum is covered by about 10 cells 
(Harms and Wright, 1980) of which roughly 50% is involved in 
active Ca transport, because cells of the crypt and lower 
2+ 
villus region have low Ca transport activities (Van Corven 
et_ al_. , 1985) . 
In isolated enterocyte preparations where cells of the 
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villus region were predominant. Vans Os C.H. (1987) has 
demonstrated that Ca*^  influx into isolated duodenal cells 
was 6-fold greater than Ca influx related to active Ca*^  
transport. This may be either an increase in Ca^ "^  
permeability due to cell isolation procedure or additional 
influx via the basolateral membrane which is now also 
exposed to the uptake med_^ ium. Despite this discrepancy 
with the intact system, it was shown that duodenal cells 
exhibited higher Ca'' uptake than cells from jejunum and 
ileum. Also, duodenal cells from vitamin D-deficient rats 
2 + took up less Ca than cells from vitamin D-replete 
animals, these observations somehow reflect the 
physiological situation (Favus et al., 1980; Bronner et al., 
1983). Ca" influx measurements with isolated brush border 
membrane vesicles revealed a saturable process with a Vmax 
value around 4 nmol/min/mg protein (Miller and Bronner 1981; 
Braun et al., 1984). When converted to the intact intestine 
this value is 4-fold lower (Van Os C.H. 1987). It has also 
2+ been shown that Ca influx into membrane vesicles from 
duodenum and ileum reflected the segmental difference in 
9 + 
transcellular active Ca" transport rates (Schedl and 
Wilson, 1985). 
The molecular mechanism of Ca" influx across the 
brush border is completely unknown, but a few general, 
properties are well established. It must either be a 
2 + 
carrier or channel in view of the saturable function of Ca 
2 + 
concentration in the medium. Ca influx through this 
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carrier or channel is very likely electrogenic, since inside 
negative potentials enhance Ca'' uptake (Miller and Bronner 
1981; Ghijsen et al^ . , 1987). However, Ca^ "*" influy in the 
9 + intestine is unrelated to voltage dependent Ca'' channels in 
excitable tissues, since Ca antagonists like verapamil 
have no effect on Ca influx except when unphysiologically 
high concentrations are used (Favus and Angeid-Backman, 
1985). It is also possible that more than one mechanism is 
involved in Ca influx since a high and low affinity influx 
system was reported for rat brush border membrane (Ghijsen 
et al. , 1987). In general, Ca'' uptake studies with 
isolated vesicles are difficult because Ca only 
equilibrates across the membrane and a major part of Ca'^  
transported is bound to intravesicular sites (Miller and 
Bronner, 1981); Miller and Bronner 1982; Bikle et al., 
9 + 1983). A thorough analysis of Ca bound to brush border 
membranes revealed high affinity low capacity and low 
affinity high capacity binding sites (Miller and Bronner, 
1982). The low affinity binding sites are primarily 
phospholipids but the high affinity sites are either 
phosphoprotein or protein with associated phospholipids 
(Miller and Bronner,- 1982). It was speculated that high 
affinity binding sites on the cytosolic surface of brush 
border membranes represent either calmodulin, integgral 
2+ 
membrane calcium-binding protein or a specific Ca channel 
regulated by intracellular Ca*^  (Miller and Bronner, 1982). 
An integral membrane Ca binding protein has been isolated 
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from rat intestine which is regulated by vitamin D and is 
closely correlated with active Ca^ "*" transport (Schachter and 
Kowarski, 1982). A recent study from the same authors 
reported a decreased integral membrane Ca binding protein 
content in duodenum of spontaneously hypertensive rats, 
suggesting a reduction in active Ca transport in 
hypertension (Kowarski et al_. , 1986). However, a role of 
integral membrane Ca'^  binding protein in Ca translocation 
across the brush border remains to be probed. It is clear, 
however, that neither alkaline phosphatase nor cytosolic 
Ca'""^ -binding protein is involved in Ca'^''" influx (Bikle et. 
a]^ . , 198.3). 
1.5 CALCIUM EFFLOX MECHANISM IN SMALL INTESTINE 
Ca -pumping ATPases similar to the one in red blood 
cells are ubiquitous in mammalian cell plasma membranes 
(Penninston, 1983). Three groups demonstrated at the same 
time, ATP-dependent Ca uptake in isolated basolateral 
membrane vesicles of rat small intestine (Nellans and 
Popovitch, 1981); Hildman et al., 1982; Ghijsen et, al., 
1982). ATP-driven Ca^ "*" uptake could be abolished by Ca^ "*" 
ionophore, indicating uphill Ca transport into the 
vesicles (Van Croven et al_. , 1985). The basolateral 
membrane preparations used in these were contaminated with 
endoplasmic reticulum but three types of control experiments 
ruled out a significant contribution to ATP-dependent Ca 
uptake by these intracellular membranes. Firstly a low 
concentration of digitonin (0.01%) inhibitled ATP-driven 
Ca^ "*" transport by 60% suggesting transport into cholesterol-
rich plasma membranes (Ghijsen et al., 1986). Secondly, 10 
mM oxalate had no effect on Ca accumulation after 30 min., 
indicating Ca transport into oxalate impermeable plasma 
membranes (Van Corven et al., 1985). Thirdly, further 
purification of basolateral membranes on a Ficoll gradient 
demonstrated copurification of ATP-driven Ca transport 
with the plasma membrane marker (Na^ + K"^)-ATPase (Van 
Corven et al_. , 1986) . 
It was demonstrated that Ca" -pumping ATPase activity 
not only varied along the small intestine but also along the 
villus-crypt axis (Van Corven _et al_. , 1985). The rate of 
ATP-dependent Ca'^  uptake in basolateral membrane vesicles 
was highest in the upper-mid villus region and decreased 
only slightly towards the tip and the base of "che villus. 
Crypt cell basolateral membranes had a low ATP-driven Ca" 
transport activity (Van Corven, 1985). 
A phosphorylated intermediate of intestinal Ca -
pumping ATPase has been demonstrated by SDS gel 
electrophoresis on the basis of the following criteria: 
comigration of the phosphorylated intermediate of intestinal 
Ca -ATPase with the one of heart sarcolemma; the 
phosphointermediate was hydroxylamine sensitive and alkaline 
labile; its formation was dependent on low free Ca 
1 Aim) in the presence of 1 mW Mg and 
finally, pho.sphorylation was strongly inhibited by 
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calmodulin antagonists (De Jonge ejb al. , 1981). Calmodulin 
9 + 
sensitivity was also demonstrated for ATP-dependent Ca 
uptake by basolateral membranes (Nellans and Popovitch, 
1981; Ghijsen e_t al. , 1982; Ghijsen et al. , 1986). 
1.6 THE ROLE OF CALCIDM IONS IN TOXIC CELL INJURY 
In recent years there has been considerable interest in 
the role that calcium ions may play in the pathogenesis of 
toxic cell injury. 
All cells in the body exist in quite profound 
• 
disequilibrium with their external environment. This state 
is maintained both actively and passively by the plasma 
membrane of the cell. It is now generally accepted that any 
damage to the plasma membrane disrupting the maintenance of 
this disequilibrium between the internal and external 
environments may ultimately result in the death of a cell. 
In turn, alterations in calcium homeostasis have been 
implicated as a mediater of the mechanism leading to lethal 
plasma membrane damage and the functional consequences of 
this injury transforming a living cell into a necrotic one. 
/ 
1.6.1 Calcium Ions as the mediator of "the consequences 
of plasma membrane damage : 
Calcium has the largest gradient of any chemical across 
the plasma membrane of all living cells. The concentration 
of calcium ions in extracellular fluids is in the millimolar 
range (10~^M). By contrast, the calcium ion concentration 
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in the cytosol is some 10,000-fold lower on the order of 
10~ M. This large concentration gradient is maintained by 
both the passive impermeability of the plasma membrane to 
calcium ions and by the active extrusion of calcium from the 
cell. 
Cell death is almost invariably accompanied by a number 
of morphologic changes that are recognizable by the naked 
eye and by light microscopy and are labelled coagulative 
necrosis. Given the large calcium ion gradient across the 
plasma membrane of all cells, it is not surprising that 
coagulative necrosis is accompanied by the accumulation ' of 
calcium ions. Calcium ions are biologically very active, 
and their accumulation in dead or dying cell may actually 
contribute to the morphologic transformations characterizing 
coagulative necrosis. Thus, the influx and accumulation of 
calcium ions and the resultant morphologic changes of 
coagulative necrosis can account for the common morphology 
of cell death, despite the ultimate cause, whether by a 
toxic chemical, a virus, ischemia, etc. 
The study of galactosamine hepatitis provided some 
support for the hypothesis linking an influx of calcium ions 
to irreversible liver cell injury. Within two hours of the 
administration of galactosamine to an intact rat, the liver 
cells evidenced changes in their plasma membranes and slight 
increases in the total liver cell calcium content (Elmofty 
et al. , 1975). However, the liver cells were necrotic at 
this point. The liver cell calcium content continued to 
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rise between 2 and 8 hr. with the appearance of necrotic 
cells, and the calcium content did not return to normal 
until some 24 to 36 hr. later. Chlorpromazine given 2 hr. 
after the galactosamine prevented any further rise in total 
liver cell Ca content for atleast 24 hr. At the same time 
chlorpromaaine prevented the appearance of liver cell 
necrosis (Schanne et al., 1980). Chlorpromazine has a 
number of effects on biologic membranes, particularly, 
inhibiting the flux of calcium ions across several different 
membranes (Seeman, 1972). Chlorpromazine may be similarly 
acting on the galactosamine-intoxicated liver cell to block 
an influx of calcium ions across a damaged pla.?ma membrane. 
Such a situation would argue for a role for the influx of 
calcium ions in the genesis of irreversible cell injury. 
Ischemic liver necrosis in the intact rat is another model 
in which there is some evidence implicating an influx of 
calcium ions in the genesis of irreversible cell injury. 
The reperfusion of a rat liver that has been ischemic in 
situ from 2 to 3 hr. is accompanied by a rapid increase in 
the total calcium content of the liver and the development 
of liver cell necrosis (Chien et al., 1978). Administration 
of chlorpromazine just prior to the restablishment of blood 
flow reduces the extent of the subsequent liveVcell necrosis 
(Chien et al., 1978). 
In recent years there has been considerable interest in 
the role of alterations in intracellular calcium homeostasis 
25 
as a mediator, rather than the consequence of the plasma 
membrane injury that can result in toxic cell death. 
Orrenius and coworkers (1982, 1983, 1984, 1985 and 1986) 
proposed that a disturbance in intracellular calcium 
homeostasis is an early event in the genesis of lethal 
injury produced by an acute oxidative stress. 
1.7 INTRACELLULAR Ca^^ PROTEASE AND ITS INHIBITOR 
PROTEIN : CALPAIN AND CALPASTATIN 
Calpain is a collective name for a group of Ca 
activated proteases; the name was originally proposed by 
Murachi T. (1981 b) and recommended by the nomenclature 
committee of the International Union of Biochemistry (1981). 
Calpain (EC 3.4.22.17) includes several similar Ca^ "^ -
dependent cysteine proteases from brain, skeletal and 
cardiac muscle, liver and platelets etc.; and it catalyzes 
such reactions as removal of Z-disks and M-lines from 
myofibrils, limited cleavage of troponin I, tropomyosin, and 
C-protein from myofibriles, proteolytic activation of 
phosphorylase kinase, etc. These enzymes are hitherto known 
as calcium-activated factor (CAF), kinase-activating factor 
(KAF), calcium-activated neutral protease (CANP), and 
receptor transforming factor. 
The proposal of the term calpain was based on an 
implication that Cal stands for calcium as calcitonin and 
calmodulin, whereas the ending-pain conforms to the well-
known cysteine proteinases including papain, clostripain. 
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and bromelain (liurachi et al. , 1981 bj. 
After having noted the close similarities in properties 
and wide distribution of the inhibitors reported from the 
two laboratories (Waxman and Krebs; 1978; Waxman; 1979; 
Nishiura et. al_. , 1978, 1979 b; Murachi et ai, , 1979). 
Murachi et al.. (1981b) proposed the name calpastatin as a 
generic name for these calpain specific, endogenous 
inhibitor proteins. Because there are many different kinds 
of enzymes belonging to the group calpain, there seems to be 
a number of similar calpastatin proteins of different 
origins. 
The understanding of the true biological functions of 
calpain and calpastatin, which are known to be almost 
ubiquitously distributed in the animal kingdom, is still 
limited. 
1.7.1a Discovery of Ca -dependent proteases with higher 
and lower Ca sensitivity : (Calpain I and 
Calpain II) 
Guroff (1964) first described a cytosolic, neutral 
Ca"^  -activated proteinase in rat. brain and this enzyme 
became the first example of an important series of similar 
proteases, now known as calpain. Table 1 summarises a 
number of intracellular Ca'^  proteases discovered upto 1980 
by different experimental methods and their seemingly 
different functions under different names. However, these 
Ca'' proteases are very similar to one another in their 
molecular and catalytic properties. Moreover, they all 
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require both Ca2+ and an SH-reducing agent for full 
activity. These Ca protease may belong to the group 
called cystein proteinases, or thiol proteinases, but they 
are different from typical cystein proteinases, such as 
papain and cathepsin B, in that they absolutely require 
Ca2^ 
These proteases were thus grouped under a new 
collective term calpain (Nomenclature Committee, 1981; 
Murachi et al_. , 1981 b) . Presently calpain is classified as 
a member of cystein proteinases (EC 3.4.22). A short term 
has the added advantage of avoiding such a long name as 
cyclic nucleotide independent protein kinase activating 
protease, or such diverse abbreviated names as are listed in 
Table 1. 
"The major obstacle in considering the physiological 
94. 
functions of Ca" proteases rests in the findings that these 
proteases require for full activit:/ 1-5 mM Ca , a 
concentration 3 to 5 orders of magnitude higher than the 
9-1-
physiological concentration of Ca" within a cell (Rasmusssn 
and Goodman, 1977). 
The first clue to the problem was provided by Mellgren 
(1980) who discovered another intracellular Ca protease 
2 + 
with higher Ca sensitivity during canine cardiac muscle 
extracts fractionation on DEAE-cellulose column. Soon after 
the presence of this different calpain species with higher 
9 + Ca sensitivity was found in rat liver (Tanaka et. al.. , 
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1980; Murachi et. aJL, , 1981b), human erythrocytes (Murakami 
et al., .1981), many other tissues and cells of rats (Muifachi 
et_ al^, 1981 a; Kishimoto e_t al_. , 1981; DeMartino, 1981). 
bovine platelete (Sakon et al., 1981) and porcine cardiac 
muscle (Dayton et^  al_. , 1981), Autolytic transformation from 
2 + the ordinary species into highly Ca sensitive species of 
CANP was also reported (Suzuki et_ al^ . , 1981 a,b). 
In order to distinguish the two different species of 
9 + 
calpain, one activated by 100 uM-Ca and the other by 5 mM 
Ca"^  , Murachi et_ al^ . , (1981 b) proposed to call them calpain 
I and calpain II, respectively. Kishimoto et al (1983) 
referred to them as Ca protease I and II, in conformity 
with the numbering by Mellgren and by Murachi et al. (1981 
b), whereas Suzuki et_ _al_,( 1981 b) have designated them as u 
CANP and m CANP, respectively. Now collective names calpain 
I and calpain II appears to be introduced appropriately 
because it is certain that there are two distinct classes of 
calpains with higher and lower Ca" sensitivity. 
1. 7. lb Third form of calcixim activated neutral proteinase 
Recently, a third form (CANP3) of calcium activated 
neutral proteinase (CANP) has also been purified, 3900-fold 
to near homogeneity from calf brain cortex (Malik _et _al 
1987). The purificaxion procedure is based on the one 
developed for the purification of micromolar and millimolar 
calcium requiring proteinases in his laboratory (Malik _et 
al., 1983). At neutral pH (7.2), it is maximally active at 
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260 uM CaClo- It. has been shown that this third form of 
calcium activated neutral protease shares certain properties 
not only with micro and millimolar requiring proteinases 
(Malik ejt al. , 1983) from calf brain, but also with the 
CANP's isolated from various other sources (Hathaway et al., 
1982; Dayton et_ al^, 1981; Kubota et_ al_. , 1984). For 
example, its activity was inhibited by sulfhydryl modifying 
compounds. Among the compounds tested, most effective was 
iodoacetic acid suggesting that CANP 3 is a thiol 
proteinase. Malik ^ t_ al_,( 1,987) analysed the properties of 
all three forms and suggested that there is a single parent 
CANP, and that the other two forms are altered forms of the 
parent molecule. 
1.8 CONVERSION OF CALPAIN II TO CALPAIN I 
Literature reveals that ever since the discovery of m 
CANP, a problem which investigators had was why this 
2 + protease requires such an unphysiological [Ca ], while a 
control mechanism through calcium was quite attractive, the 
finding of u CANP which is highly sensitive to [Ca*^  ] and 
can be active under physiological condition as previously 
described seemed to solve this problem. These however, 
arose the question as to why there are two types of CANP in 
cells. Since the molecular properties except for the 
sensitivity of \_Ca'^  J are quite similar between these two 
CANPs, one of the possibilities might be that one of them is 
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derived foi-tn o£ the other. Few lines of findings suggest 
the conversion of calpain II to calpain I involving limited 
proteolysis. Difference in molecular weights was reported 
by Kishimoto et_ al_^ ( 1981) . The molecular weight of calpain 
II was higher than that of calpain I. According to Dayton 
et_aj.. (1981), porcine skeletal muscle calpain I and II had 
indistinguishable molecular sizes, both composed of subunits 
of Mr 80,000 and 30,000. 
Suzuki et_ a]. (1981 a,b) observed that when m CANP (Mr 
82,000) from chicken skeletal muscle was treated with 0.5 mM 
Ca at 0°C for 2 min, it underwent limited autolysis to 
yield u CANP (Mr 79,000) and that such a conversion was 
nearly quantitative. However, when similar treatment was 
conducted with partially purified rat liver calpain II, no 
such quantitative conversion took place. Mellgren et al 
(1982) demonstrated a transient increase in Ca sensitvity 
using a heterodimeric Calpain II (Mr 73,000 plus 30,000) 
from rabbit skeletal muscle. Enhancement of Ca 
sensitivity by limited autolysis was also reported with 
chicken gizzard smooth muscle calpain (Hathaway et aX- , 
1982). 
1.9 CALPASTATIN : ENDOGENOUS INHIBITOR PROTEIN 
The presence of a Ca*^  -dependent thiol protease in rat 
brain was reported by Guroff (1964). Later, after 
confirming that the cytosolic fraction of rat brain 
homogenate showed some Ca protease activity, (Nishiura et 
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al. , 1976). Tanaka ot^  al (1978) proamBdrnd to examine 
O J. 
similar Ca protease activity in rat liver. On DEAE-
cellulose column, Ca protease was elated at 0.25 M NaCl, 
and when aliquots of other fraetions were examined for their 
effects on the Ca protease, strong inhibitory activity was 
found to be associated with the fractions that had been 
eluted at 0.1 M NaCl. The inhibitor was soon found to be 
specific protein acting on Ca protease with an apparent 
molecular weight as large as 280,000 (Nishiura _et_ al_. , 1978; 
Tanaka et_ al_. , 1978). Furthermore, Nishiura et_ al_ (1978, 
1979b) resolved calpain and calpastatin by gel filteration 
through Sephadex G-200. The large molecular size of the 
inhibitor compared to that of calpain (Mr 90,000) enabled 
them to separate them by gel filtration through Sephadex G-
200. 
Similar observation was made by Waxman and Krebs 
(1978 J, who used bovine cardiac muscle in the same year. 
They attempted to determine Ca" protease activity as the 
phosphorylase b kinase-activating factor in the soluble 
fractions of bovine cardiac muscle homogenate, but they 
could find such activity only when the extract was 
chromatographed on a DEAE-cellulose column at pH 7.4. They 
also found, by the same approach as Nishiura j2t_ al_ (1978), 
the presence of an endogenous inhibitor in the 
chromatographic fractions distinct from those containing the 
protease. The properties of this inhibitor was similar to 
those of inhibitor that isolated from rat liver (Nishiura e_t_ 
al., 1978) and rat brain (Nishiura et al., 1979b). It is 
a 
interesting to note that two laboratories independently-
engaged in different experiments and came to the same 
conclusion almost concurrently. 
Subsequent studies by Waxman (1979) and by Murachi si 
al (1979, 1980, 1981 a) revealed that Ca^ "*" protease and its 
endogenous inhibitor protein are widely distributed among 
various tissues and cells of a variety of animals, including 
rat, guinea pig, beef, rabbit, chicken, monkey and human. 
Murachi et^  al_ (1981 b) coined a collective name calpastatin, 
vrhich implies an inhibitory action on calpain. 
1.9.1a Properties Q£. Calpastatin : 
Calpastatins were isolated and purified from different 
sourcs for example from human erythrocytes, rabbit skeletal 
muscle, chiken skeletal muscle and rat liver etc. (Murachi 
et al., 1981; Takashi and Nakamura et al., 1981; Ishiura et 
al., 1982; Melloni et_ al_. , 1982a, Takano and Murachi 1982). 
The molecular weight of several calpastatins as determined 
by gel permeation chromatography range from 250,000 to 
300,000. This appears to be the size of an aggregate of 
smaller subunits; gel electrophoresis in the presence of 
sodium dodecyl sulfate of purified calpastatins from bovine 
cardiac muscle (Waxman, 1978) and from human erythrocytes 
(Melloni et al., 1982a, Takamo and Murachi 1982) gave a band 
corresponding to Mr 60,000-70,000, whereas a similar 
experiment with rabbit skeletal muscle calpastatin gave a 
single band of Mr 34,000 (Takashi and Nakamura _et_ al. , 
1981). 
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The second outstanding feature of calpastatin is its 
extraordinary heat stability, a point not emphasised by 
Waxman and Krebs (1978). The proteinous nature of 
calpastatin was evident, however, because the inhibitor 
quickly lost its potency after an incubation with a 
catalytic amount of trypsin; nuclease and phospholipases 
v7ere ineffective. The heat stability of calpastatin was 
effectively utilized for its purification (Melloni et 
al., 1982a, Takano and Murachi, 1982). 
Amino acid analysis of calpastatins from chiken 
skeletal muscle (Ishiura et al., 1982) and from human 
erythrocytes (Takano and Murachi, 1982) indicated 
nonidentity of these two proteins, but with such a common 
features as lesser amount of aromatic amino acids and more 
of proline and glutamate. Human erythrocyte calpastatin had 
no tryptophan, no amino sugar, and less than one, probably 
zero, residue of half cystine per 643 residues, 
corresponding to a Mr 70,000 monomer. It had one glutamine 
residue as its amino terminus (Takano and Murachi 1982). 
Partial primary structure of pig heart calpastatin (107 
KDa) was analyzed both by Edman degradation of the purified 
inhibitor and by nucleotide sequencing of a cloned cDNA 
(Takano et_ al_. , 1986). The finding of the repetitive amino 
acid sequences at interval of 140 residues substantiates the 
multidomain structure of the inhibitor which has earlier 
been suggested by stoichiometrical analysis of ca.lpain 
binding to calpastatin, and by comparison of biochemical 
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properties of the pig heart calpastatin (107 KDa) v/ith a 
smaller inhibitor (68 KDa) isolated from pig erythrocytes 
(Tikano, 1986). Similar respective domain structure of a 
rabbit calpastatin was also reported by Emori et^ al_ (1986). 
Masotoshi et_ al_ (1987) reported that repetitive region of 
calpastatin is a functional unit of the proteinase inhibitor 
calpastatin. • ' 
Calpastatin, an intracellular protein that is widely 
distributed in animal tissues, is a highly specific 
inhibitor of calpains that is effective whether from the 
same or different animal and tissue source as the calpain 
(Murachi, 1985). 
1.9.1b Mechanism of Inhibi-bion : 
When partially purified calpain and calpastatin were 
mixed in the presence of EGTA and chromatographed on a 
sephadex G-200 column equilibrated with EGTA, the two 
component were eluted indicating no interaction between the 
two porteins. However, when the two components were mixed 
9-1-
in the presence of 5 mM Ca*^  and 5 mM cysteine and 
chromatographed in the absence of EGTA, no separation of 
calpain and calpastatin could be observed (Murachi _et_ al. , 
1981 b) . This indicates that Ca"^  is necessary for calpain 
to bind with calpastatin. In other words, the inhibitory 
effect of calpastatin can be seen only in the presence of 
Ca"^  . The same conclusion was drawn by Melloni et^  ^  (1982 
a), who used calpain and calpastatin from human 
erythrocytes. 
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In the presence of Ca'" ' calpain is transformed into a 
catalytically active conformation with the exposed active 
site. Calpastatin recognizes the active molecular species 
of calpain and binds them to form an inactive complex. Such 
complex formation has been experimentally demonstrated 
(Murachi et _al_. , 1980, 1981 b). It is assumed that 
calpastatin undergoes a conformational distortion when it 
binds the Ca activated calpain. Upon removal of Ca^ "*", the 
complex dissociates into its protomers (or subunits) and 
free calpain. Such dissociation has been shown to occur 
experimentally (Murachi et. aj^ . , 1981 b). Oligomeric 
calpastatin can also be dissociated into its protomers in 
the presence of sodium dodecyl sulfate (SDS), whereas the 
protomers are readily reassociated when SDS is removed 
(Takano and Murachi, 1982). On the other hand, Melloni et 
al (1982b) have reported that human erythrocyte calpastatin 
(Mr 240,000) was dissociated into subunits (Mr 60,000) by 
millimolar concentrations of Ca*^  . 
1.10 CALCIDM ACTIVATED NEUTRAL PROTEASE: DOMAIN 
STRDCTDRE AND ACTIVITY REGULATION 
The calpains structure of chicken (Ohno et al., 1984), 
rabbit (Emori et al_. , 1986), pig (Sakihama, 1985), and human 
(Aoki et^  al-,1986; Ohno et al_. , 19S6) have been analysed, 
mainly by determining the nucleotide sequences of cDNA. 
Both calpain I and calpain II are found to be composed of 
two subunits designated as catalytic 80 KDa subunits and 
regulatory 30 KDa subunit. Their catalytic 80 KDa subunits 
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are similar but clearly different, whereas the 30 KDa 
subunits are identical (Kawasaki et_ aJ_. , 1986). 
1.10.1a Domain Structure :' 
The two subunits of calpain have clear domain strucures 
(Ohno gt. aJL-. 1984; Emori et al^ . , 1986) as shown in Fig. A. 
The 80 KDa subunit is composed of four distinct domains. 
The second domain from the N-terminus is responsible for 
protease activity and its amino acid sequence is homologous 
to those for other typical cysteine proteaseas such as 
cathepsins B and H and papain. The C-terminal fourth domain 
(IV) is a calmodulin-like Ca -binding domain. No clear 
sequence homologies with known protein sequences have been 
found in domains I and III, and the functions of these 
domains are not yet clear. It is presumed that probably 
they are important for the regulation of protease activity 
or the interaction with the 30 KDa submit or an endogenous 
inhibitor (Murachi 1983). 
The 30 KDa subunit is composed of at least two domains 
(Ermori et al 1986; Sakihama et al 1985; Ohno et al 1986). 
The N-terminal domain is extremely rich in glycine. Other 
residues in this region are mostly hydrophobic, thus it is 
termed a glycine rich hydrophobic domain. The C-terminal 
domain of the 30 KDa subunit (IV) is also a calmodulin-like 
Ca binding domain homologous to the corresponding C-
terminal domain (IV) in 80 KDa subunit (Ermori et al., 1986; 
Sakihama et al., 1985), 
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It has been suggested that 30 KDa subunits of calpain I 
and calpain II are almost identical (Wheelcock 1982) or 
functionally interchangeable '(Kikuchi et al_. , 1984). It 
indicates that the difference in Ca -sensitivity can be 
ascribed to the structural differences in the 50 KDa 
subunits (Kawasaki et_ a2_. , 1986). When the sequences of 
calpain I and calpain II, 50 KDa subunits are compared, the 
homology in the protease domain (> 75%) is significantly 
higher than in other domains. Homologies for domains I and 
IV are much lower ( c=^ 50%). The difference in Ca^^ 
sensitivity between calpain I and calpain II can probably be 
ascribed to the differences in domains I and IV (Suzuki, 
1987). 
1.10.1b Regulation of Activity : 
According to Suzuki (1987) the protease activity of 
CANP is ascribed to the protease domain in the 50 KDa 
subunit. From its homology with other cysteine proteases, 
the isolated protease domain should itself have protease 
?+ 
activity without Ca . However, CANP absolutely requires 
Ca*^  for activity and so the intrinsic protease activity of 
domain II must be inhibited or repressed by interaction with 
other domains, for example I and/or III. The function of 
the two Ca*^  binding domains is to activate the repressed or 
inhibited protease activity through conformation changes 
induced by the binding of Ca^ "*". The target of the two 
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calmodulins in CANP is the proteasa domain. The'calmodulin' 
in the 30 KDa subunit is a subunit of the target enzyme, 
whereas the 'calmodulin' in the 50 KDa subunit is covalently 
bound to the target. The 50 KDa subunit is composed of a 
regulatory protein and its target enzyme. Usually 
calmodulin exists in the cytosol dissociated from its target 
enzyme, but forms a complex with the target enzymes upon 
activation by the binding of Ca"^  . 
In contrast, the activity of the target enzyme is more 
directly and strictly regulated by covalently bound 
calmodulin, and a more rapid response to the change in Ca 
concentration is also possible. Since intracellular 
protease activity is highly toxic to cells, therefore, this 
strict regulatory mechanism for CANP activity is necessary. 
1.10.1c Activation of CANP : 
Especially calpain II inactive in cells unless its Ca 
sensitivity is increased to express activity at micro-molar 
Goncentration of Ca'' . Incubation of calpain in raillimolar 
o + 
Ca'^  concentrations induces rapid autolysis and a 
2+ concomitant increase m Ca sensitivity to the micromoalr 
level (Suzuki et_ al^ , 198*4) . 
A proposed mechanism for the activation of calpain in 
vivo (Imajoh et al_. , 1986) is shown in fig. B. Calpain 
0 J. 
exists mainly in cytosol, but when cytosolic Ca'' 
concentratioan is increased, calapin binds to the inner side 
of the cell membrane through the N-terminal region of the 30 
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KDa subunit (Pontremoli et^  a^-. 1985). Autolysis of calpain 
occur at the cell membrane in the presence of Ca'^  and 
phosphatidyl-inositol and the N-terminal domain of the 50 
KDa subunit is modified. Some of the activated, autolysed 
calpain remains at the cell membrane and hydrolyses various 
proteins (Murachi, 1983; Suzuki et a]L,,1984; Kay, 1984), 
including membrane proteins, cytoskeletal proteins, protein 
kinase C (Kishimoto et al., 1983) and Phospholipase c 
(Hirasawa et al., 1982), The other part of the activated 
calpain is liberated from the cell membrane upon hydrolysis 
of the glycine-rich hydrophobic domain and is active in the 
cytosol. Autolysis of calpain I may also occur in the 
cytosol but autolysis of calpain II occurs only at the cell 
membrane.• Activation of calpain at the cell membrane 
suggests that calpain plays some important role at the cell 
membrane as well as in the cytosol. 
1.11 CALPAIN AND AGING 
During red cell life, proteolytic enzymes (Both 
cytosolic and membrane associated) take part in maturation 
and senescence: they degrade superflous proteins, produce 
families of structurally related proteins and are probably 
responsible for the production and exposition of senescent 
cell antigen, a proteolytic fragment of band 3 protein 
(Siegel et al_. , 1980; Melloni et al. , 1982; Golovtchenko-
Matsumoto et^  al_. , 1982; Kay et_ al_. , 1983). Recent papers 
report band 3 alteration that is characterised by 
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sccelex-ated csllulat' aging, as determined by a red cell 
aging panel, and cellular removal suggesting the fast aging 
band 3 is more susceptible to proteolysis than in normal 
band 3 (Kay et al_. , 1989, Schwarx-Ben Meir N.etal, 1991). 
Band 3 is known to be preferentially degraded by calpain 
(Zaidi and Narahara, 1989). 
Protein kinase c activity generated from its inactive 
form by calpains shows decreased activity in aged animal 
(Friedman and Wang, 1989), suggesting that the overall 
change in calpain-calpastatin system results rather in a 
decrease of calpain activity with aging. A similar 
conclusion can be drawn from the results of Smith and Ivy 
(1988), who could produce the same changes by leupeptin (a 
proteinase inhibitor) in photoreceptor degeneration in adult 
rats as those found in aged animals. However, data are 
available showing increased calpain activity with age in the 
degradation of neurofilament triplet proteins and GFA in 
spinal cord (Smith et al., 1984). Detection of higher 
cytosolic Ca" concentration in aged animals does not 
support any change in calpain activity, because even this 
higher value is below the concentration required for calpain 
(Martines, 1987). 
Lynch et^  a]j(1986) suggested a relationship between 
aging and calpain activity in the brain. This suggestion 
was based on one set of experiments showing that calpain 
levels in the brain are in inverse proportion to life span, 
and another set showing that regional heterogeneity of 
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calpain levels is parallel with the regional hetergeneity of 
age-related deterioration in brain areas. The findings 
indicate either that high levels of calpain are among the 
causative agents of age-related brain degenerative changes 
or that they are the consequence of some primary change, and 
that their increased activity causes further secondary 
changes. Recently, findings reported by Kennessey et al., 
(1990) further support the possible role of calpains in 
aging by showing an age-reated increase in calpain activity 
and diffrences in the increase of activity with age among 
the brain regions analyzed. 
Blomgren and Karlsson (1989) presented data on 
developmental patterns of calpain and calpastatin in the 
rabbit brain from the prenatal stage to reach a peak 10-12 
days postnatally. From this period the level of calpains 
decreased slowly to reach the adult levels. The levels of 
calpastatin displayed a steady increase from the prenatal 
stage and onwards, and the calpastatin activity was three 
times higher in the brains from the old rabbits than in 
those of the very young ones. 
1.12 CALPAIN AND CELL DIFFERENTIATION 
Several lines of evidence suggest a possible 
relationship between intracellular protein breakdown and 
both cell differentiation and maturation (Bradley and 
Schimke, 1975; Brewer, 1974; Scornik et al_. , 1978). It has 
already been suggested that calpain may 'be involved in the 
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remodelling of synapses via a Ca-stimulated degradation of 
spectrin; a cytoskeleton protein which may regulate the 
surface chemistry and morphology of cells (Lynch and Baudry, 
1987). Ca^ "*" plays an important role in epidermal 
differentiation. Ca -dependent enzymes such as calpain, 
transglutaminase, protein kinase C and phospholipase C are 
thought to be involved in such a process. It is well known 
that a remarkable increase of transglutaminase activity is 
associated . with epidermal differentiation. Recent studies 
showed that phorbol ester tumor promoters (activator of 
protein kinase c) induce terminal differentiation of 
keratinocytes (Yuspa ei §X, 1980) and this induction is 
inhibited by protease inhibitors (Kawamura et ^., 1983). 
Phospholipase c is reported to have a similar effect on 
epidermal cells to phorbol ester tumor promoters (Jeng si 
al.. 1985). There are some reports suggesting that calpain 
activates or modifies protein kinase c or phospholipase C by 
limited proteolysis (Kishimoto .at ^ . , 1983; Low si sJ.-, 
1984). Recently, Ando et al (1988) reported that epidermal 
translgutaminases can also be activated by calpain. 
Collectively these above findings suggest that there are 
some cascade reactions of Ca'^  -dependent enzymes which are 
triggered by calpain during the course of epidermal 
differentiation. 
An increased level of calpains together with a decrease 
of calpastatin has been observed during the differentiation 
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of myoblasts to myotube (Kaur and Sanwal, 1981). 
Immunohistochemical distribution studies on calpain in skin 
biopsy samples suggests that differentiation rate is closely 
related to the calpain content in keratinocytes (Miyachi et 
al., 1986). 
The synthesis of C-moss product PP39"^°^ is induced 
during progesterone activated oocyte maturation (Sagata et 
al., 1988). It accumulates in the unfertilised egg during 
maturation, is hyperphosphorylated and exhibits protein 
kinase activity. On fertilization, or soon after the 
completion of meiosis, the accumualted F'B39^'-^^ undergoes 
selective proteolysis. Using an in vitro protease assay 
system, Watnabe et al^ . (1989) have shown that this specific 
proteolysis is caused by the calcium activated cystein 
protease, calpain. 
Recently, the data reported by Oshima et al., (1989) 
indicate that there are marked changes in calpain activity 
during morphological differentiation of PC12 cells. PC12 
cells are nerve grwoth factor-responsive clone derived from 
a rat phoechromocytoma. But the data also suggest that the 
changes are not due to alterations in calpain itself, but to 
changes in the activity of the specific inhibitor of calpain 
activity, calpastatin. On the basis of their findings, 
Oshima et_ al.(1989) concluded that nerve growth causes a 
decrease in the activity of calpain in morphologically 
differentiating PC 12 cells by causing an increase in the 
activity of calpastatin. 
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1.13 CALPAIN AND CALCIUM CHANNEL 
Calcium dependent protease calpain and its endogenous 
inhibitor calpaatatin has been suggested to be involved in 
regulation of the voltage dependent calcium channel in 
myocytes (Belles et_^  al_. , 1988). Seler et_ al^ , (1984) 
demonstrated earlier that a Ca -dependent n'eutral protease 
(calpain II) selectively degrades the high molecular weight 
(HMW) protein of cardiac and skeletal muscle junctional 
sarcoplasmic reticulum (SR) vesicles. A recent paper 
2 + 
reports the effects of calpain II, on the Ca release 
channel/ryanodine receptor proteins of cardiac and skeletal 
junctional sarcoplasmic reticulum vesicles. Calpain II 
selectively degrades the channel/ryanodine receptor complex 
protein (400,000-450,000D), at the same time removing a 
large portion of the cytoplasmic extensions of the feet from 
the functional SR vesicles. Associated with this 
degradation is a prolonged open state of the Ca" release 
channel, but there is no significant change in the numbers 
or affinities of ( H) ryanodine binding sites. Prolongation 
of channel open time suggests that calpain II selectively 
digest a cytoplasmic region of the junctional feet that is 
essential for inactivation of the Ca"^  -rel!^ ,ase channel 
(Rondon et al_. , 1990) . 
Random et_ al_. (1990) further hypothesized that calpain 
9 + II is the predominant form of this class of Ca*^  -dependent 
protease in the cytoplasm of cardiac muscle, so it is 
48 
possible that it may play an inipoi'tant rola in both normal 
and abnormal physiological states. Ca'^  -dependent 
proteolysis could be important for maintaining normal 
turnover of the Ca channel protein. On the other hand, 
pathophysiological states in cardiac (i.e. myocardial 
ischemia) or skeletal (i.e. Duchennes muscular dystrophy) 
muscle characterized by elevated resting levels of Ca*^  may 
lead to increased calpain II activity. Selective 
degradation of SR Ca"^  release channels giving prolonged 
channel open times could provide a specific mechanism for 
irreversible Ca"^  overload states. Recently, myocardial 
2+ ischemia was found to depress SR Ca uptake, presumably by 
opening SR calcium reljpse channels (Feher, 1989). The 
results presented by Randon et al.(1990) also suggest that 
selective degradation of cardiac feet proteins by calpain II 
may contribute to such a phenomenon. 
1.14 INFLUENCE OF CALPAIN ON MEMBRANE FUNCTIONS 
Recent reports have indicated that calpain might 
influence, if not modulate, membrane properties and 
functions. It is not meant to be exhaustive but rather 
focusses on selected areas where the activity of the calpain 
might be of physiological significance as given under 
following headings. 
1.14.la Interaction of calpains with membrane components : 
Recently, several investigators have reported on the 
interaction of calpain with the cytoplasmic membrane and its 
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components. It has been shown that calpain degrades 
preferentially band 3 and 4,1 proteins (Murakami _et, al. , 
1981). There is also evidence that band 3 is slowly cleaved 
into smaller polypeptides during senescence of circulating 
human erythrocytes (Kay et al., 1983; Czerwinski et al., 
1988), a change that is believed to influence the eventual 
disposition of aging cells in the body. The cytoskeleton of 
human erythrocytes is bound to the plasma membrane mainly 
through interations of band 3, ankyrin and band 4.1 (Steck, 
1978; Branton et^ al_. , 1981; Bennett, 1985), and these 
interactions appear to influence cell shape, fragility and 
the mobility of membrane proteins (Bennett, 1985; Goodman et 
al., 1988). These observations suggest that action of 
calpain on proteins of the cell membrane and cytoskeleton 
could exert a controlling influence on the biological 
behaviour of cells. 
Hatanka et_ al. (1984) has reported the association of 
calpain I with human erythrocytes membrane by 
immunoelectrophoretic blotting method and showed that 
associated enzyme was not inhibited by calpastatin. 
Pontremoli et aJ^, (1985) reported that radiolabelled human 
erythrocyte calpain I was bound to inside out membrane 
vesicles in a Ca -dependent manner and suggested that 
calpain was activated on the erythrocyte membrane. Coolican 
and Hathaway (1984) showed that bovine vascular smooth 
muscle calpin II was converted to calpain I in the presence 
of phosphatidylinositol and they suggested the possibility 
•&0 
that biological membrane is involved in the activation of 
calpain II. From these observations it is considered that 
the cytoplasmic membrane plays an important role in the 
activation of calpain. Croall et al.,(1986 )found that bovine 
heart muscle calpain preparations were able to attack human 
erythrocyte membrane proteins when the enzymes were 
incorporated in resealed ghosts. Later, Zaidi and Narahara 
(1989) demonstrated that calpain could degrade proteins of 
skeletal muscle plasma membranes. Calpain II was isolated 
from frag skeletal muscle, but the activity of calpain I was 
lost during attempts at fractionation. Therefore, they 
tested calpain I obtaining from skeletal muscle and 
erythrocyte of rats and found effects similar to those of 
frog muscle calpain on the membrane proteins. Losses were 
primarily in proteins of apparent molecular mass 200 and 97 
KDa, designated bands a and c respectively, accompanied by 
increase in polypeptides of molecular mass 83 and 77 KDa, 
designated bands d and e, respectively. The most striking 
losses were seen in band c. Band c of muscle membranes 
resembels human erythrocyte band 3 in its relative 
electrophoretic mobility, dominant mass and susceptibility 
to attack by calpain. 
1•14.lb Calpain and membrane fusion : 
One of the dramatic forms of memrane-membrane 
interaction is the fusion of cell membranes (Lucy, 1982), an 
event which naturally occurs both within cells, as required 
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for cell division, and between cell (e.g. during 
myogenesia). The membrane mobility agent, 2(2-
methoxyethoxy) ethyl-cis-8-(2-octylcyclopropyl)-octanoate 
(A2C) is an inducer of membrane fusion and has been useful 
in defining stages and factors involved in this process 
(Kosower et al., 1977). Kosower and his associates 
(Tavassoli et al_; , 1980; Kosower et al. , 1983) found that 
rat erythrocytes fuse when treated with A2C and Ca"^  , 
whereas human erythrocytes do not. Rat erythrocyte ghosts, 
2+ pretreated with calpain and Ca , undergo fusion upon the 
addition of A2C (Glaser and Kosower, March 1986), suggesting 
membrane proteolysis promoted by calpain is required for rat 
cell fusion. Later, Glasser and Kosower (Sept. 1986) showed 
that human erythrocyte ghosts could also be induced to fuse 
by A9C, provided they were pretreated with Ca^ and calpain, 
and were free of calpastatin suggesting that calpastatin 
prevents fusion of human and of rat erythrocytes membrane 
proteolysis. The activity of calpastatin on a cellular 
level is thus demonstrated and a regulatory role in membrane 
fusion is indicated. 
1.15 INTERACTION OF CALPAIN WITH VARIOOS ENZYMES 
Calpains are implicated in the proteolytic processing 
of various enzymes. Meyer et al.(1964) found a factor that 
activated phosphosylase b kinase in rabbit skeletal muscle 
and named it kinase activating factor (KAF). Later, the 
nature of KAF was disclosed to be an intracellular protease 
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that requires Ca" for its activity (Huston and Krebs, 
1968). 
Kishimoto et aJL (1983) reported that calpain I is able 
to activate Ca activated, phospholipid dependent protein 
kinase (p'rotein kinase C) by limited proteolysis analogously 
to the previously known calpain II (Inoue et al., 1977). On 
the basis of their findings Kishimoto et_ al_. (1983) suggested 
that at lower concentrations of Ca" , calpain I reacts 
preferentially with the active form of protein kinase C 
which is associated with the membrane and converts it to the 
permanently active form. In contrast, the inactive form of 
protein kinase C, which is free of membrane phospholipid, 
does not appear to be very susceptible to the proteolytic 
attack. However, calpain II, proteolytically activates 
protein kinase c irrespective of the presence and absence of 
phospholipid and glycerol. 
Ito et_ al_. (1987) found that the Ca'' activated neutral 
protease can proteolyae both Ca -dependent cyclic 
nucleotide phosphodiesterase and smooth muscle light chain 
kinase. Ca -dependent cyclic nucleotide phosphodiesterase 
from rat brain is converted to the Ca -independent active 
form by calpain. However, myosin light chain kinase is 
inactivated upon calpain proteolysis and shows loss of 
calmodulin binding. 
Ca /calmodulin-dependent protein phosphatase is also 
known as calcineurin. Recently, Tallant et al. (1988) 
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demonstrated that the Ca2+/calmodulin dependent phosphatase 
is converted to an active, calmodulin-independent form upon 
calpain proteolysis. 
Many recent reprots are available regarding activation 
of Ca*^  -ATPase by calpain. For example, Au, (1987) reported 
calpain induced activation of Ca*^  -ATPase to depend mainly 
on its association with the membrane and to be affected in 
opposite ways by the detergents used for its solubilization. 
However, results obtained by James, et al. (1988) show no 
difference whatsoever in the patterns of digestion of 
9 + purified and of membrane bound Ca -ATPase, respectively, by 
calpain. Wang et a]^ -(1989) have also demonstrated that 
calpain can effectively activate the Ca -transport function 
and ATP-hydrolytic activity of the liposome-reconstituted 
Ca pump from human erythrocytes and render these 
activities calmodulin independent. Such irreversible 
activation was prevented by the presence of calmodulin. 
C H A P T E R - II 
CALCIUM ACTIVATED NEUTRAL PROTEINASE (CALPAIN) 
PARTIAL PURIFICATION AND CHARACTERIZATION 
FROM RAT INTESTINAL EPITHELIAL CELL LINING 
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2.1 INTRODOCTION 
Calpains are intracellular proteases that have neutral 
pH optima and are absolutely dependent on calcium for 
catalytic activity. Two isoenzymes of calpain have been 
isolated, a type I enzyme that has activity in the presence 
of micromolar calcium and type II enzyme that requires 
millimolar calcium for activation. Both isozymes have been 
isolated and purified from a number of animal tissues, such 
as from skeletal muscles of porcine (Dayton et. al. , 1976), 
rabbit (Inomata et al., 1984), human (Suzuki et al., 1979), 
chicken (Ishiura ejt al. , 1978) and hamster (Johnson and 
Guindonharamer, 1987); cardiac muscles of bovine (Croall and 
Demartino, 1984), human (Ikeda et al., 1986), rat (Spalla et 
al., 1985) and monkey (Hara et al., 1983); human platelets 
(Fox et al., 1985); erythrocytes of human (Hatanaka et al., 
1983), Porcine (Kitahara et aJ., 1984) and rat 
(Dahlqvistedberg and Ekman, 1981); kidney of rat (Yoshimura 
et al., 1983), brain of bovine (Malik et al., 1983) and rat 
(Banik 1985); bovine liver (Demartino, 1981); rat liver 
mitochondria (Beer et al., 1982); bovine lung (King and 
Gates, 1985V. porcirve retina (Yoshimura ^t aL., 1984), humarv 
placenta (Kubota, 1984) and recently from Tilapia Muscle 
(Wang and Jiang, 1991). 
Calpastatin, an intracellular protein widely 
distributed in animal tissues, is extremely specific 
inhibitor of calpains. Calpastatin inhibits calpains 
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specifically irrespective of their sources (Murachi, 1985). 
The calpain-calpastatin system is of interest for 
several reasons : 
a) The biological importance of calpain 
calpastatin is hot yet clear, even though a 
number of roles have been suggested such as 
alteration in cell membrane structure and 
organization (Mellgren, 1987; Pontremoli and 
Melloni, 1986), activation of various enzymes 
including p'roteian kinase C (for details please 
see review of literature section). 
Q J. 
b) The reaction absolutely utilizes Ca which is 
thought to be important as a cell function 
regulator. 
Living organisms are exposed to a variety of 
chemicals. These chemicals may be essential or harmful for 
the body. Although nature has equipped the body to 
metabolize most of foreign chemicals (drugs, agro and 
industrial) into generally less toxic forms and excrete 
them, but chronic exposure of these chemicals may cause 
cellular damage and lead to a number of biological 
consequences. Potential involvement of calcium mediated 
proce-sses such as activation of Ca -dependent proteases has 
been implicated in cell injury and cell death (Farber, 
19901. 
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Many environmental pollutants, chemicals and drugs 
enter the body through gastrointestinal tract. Hence the 
intestine becomes the first target site of interaction with 
the foreign substances. To the best of our knowledge, no 
study about calpain in intestine is available in the 
literature. Therefore, isolation, partial purification and 
characterization of calpains and its endogenous inhibitor is 
attempted with a view to understand their physiological role 
and details of its cellular localization. 
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2.2 MATERIALS AND METHODS 
2.2.1 Animals : 
Male albino rats weighing 100-120 gms. were procured 
from Industrial Toxicology Research Centre, Lucknow, animal 
breeding facility and maintained on standard pellet diet and 
water ad libitum prior to sacrifice, animals were fasted 
overnight with free access to drinking water. 
2.2.2 Chemical and Chromatographic Materials : 
Casein was purchased from Loba Chemie, Bombay, India. 
cL- cas ein and PMSF was from Sigma Chemical Co., U.S.A., 
^ -mercapthoethanol was from BDH Biochemical Ltd., England 
and EDTA from Qualigens Fine Chemicals, India. CaCl2 was 
from Sarabhai Merck-India. DEAE-cellulose (DE-52) was from 
Whatman Biochemicals, Maidstone, Kent, U.K. Sephadex G-150 
was from Pharmacia, Sweden. DEAE-cellulose was from Sisco 
Research Laboratories Pvt. Ltd., Bombay. 
2.2.3 Processing of Dialysis Tubing : 
Dialysis tubing was boiled for 5 minutes in 10 mM Na2 
EDTA and 10 mM sodium bicarbonate and then thoroughly washed 
with deionized water. 
2.2.4 MQtal, free Glasswares : 
Metal free glasswares prepared by keeping the 
glasswares in 2M nitric acid for 12 hr to remove the 
contaminating metal ions and washed with deionized water. 
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2.2.5 Farti-al Purification Q1 C^lPaJns : 
Calpain I and calpain II were partially purified 
concurrently by almost identical procedures employing 
dialysis, DEAE-cellulose and Sephadex-G-150 chromatographic 
techniques as described below: 
Step I: 
i) Preparation of Crude Extract : Rats were sacrificed by 
cervical dislocation and small intestine was taken out 
immediately. Intestine was washed with cold normal 
saline. Mucosa was scrapped off with the help of a 
glass slide, weighed and homogenized at top speed for 
1 min. with 4 raM EDTA and 15 mM 2-mercaptoethanol. 
All the subsequent experiments were carried out at 0-
4*^ 0 until stated otherwise. The homogenate (w/v 1:4) 
was centrifuged at 10,000 g for 1 hr. The supernatant 
was taken out and its pH readjusted to 7.5 with IM 
NaOH. 
ii) Dialysis : No calpain activity was detected in crude 
extract. Since crude extract contains 4 mM EDTA that 
is enough to chelate Ca during assay and may be one 
of the factor responsible for calpain not to express 
activity in crude extract. Therefore, it was thought 
to dialyse crude extract against a buffer containing 
5 mM Tris base-0.1 mM EDTA-10 mM NaCl-15 mM 2-
mercaptoethanol adjusted to pH 7.5" (Buffer A) being 
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assured of removal of EDTA and Ca "^  . We have used 
EDTA in extraction buffer so that it will chelate 
endogenous Ca present in crude extract preventing 
the calpains from being activated in the presence of 
free calcium ions. Dialysed material was then assayed 
for calpain activity and feeble activity was detected. 
iii) Batch Elution of Calpain and Calpastatin through DEAg-
cellulose : Dry DEAE-cellulose (1 gm/gm tissue) was 
washed according to the standard procedure to remove 
impurities by giving pH flux. The washed resin was 
then equilibrated with 5 mM Tris-HCl (pH 7.5) on the 
buchner funnel. Thereafter DEAE-cellulose was washed 
with 10 volumes of buffer A. After the final washing 
the moist resin cake was scooped into a centrifuge 
tube and sufficient buffer A was added to make a thick 
slurry, which was centrifuged and supernatant 
discarded. Dialysed material was poured into finally 
washed DEAE-cellulose and mixture was gently stirred 
for 20 min. Following centrifugation, supernatant 
was discarded and the sediment was washed with 
sufficient amount of buffer A to remove any unbound 
protein. The supernatant was not having calpains or 
calpastatin activities and hence it was discarded. 
Proteins were then eluted with a buffer A having 
different NaCl concentrations in increasing order such 
as 0.1, 0.2, 0.3, 0.4, 0.5 M. Eluates obtained from 
different fractions were assayed for calpain and 
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calpastatin activities. The eluate obtained using 0.2 
M NaCl showed calpain activity at low concentration of 
calcium while the eluate with 0.4 M NaCl was 
containing calpain activity at millimolar 
concentrations of calcium. Calpastatian was eluted by 
0.1M NaCl concentration. By this ion exchange 
chromatographic technique calpain I, calpain II and 
calpastatin were completely separated. Calpains 
obtained from DEAE-cellulose fractionation were used 
for further studies to characterize the effect of 
various effectors and conditions. 
iv) Gel Filtration through Sephadex G-150 : The samples 
of calpain I and calpain II were chromatographed on a 
Sephadex G-150 column. The column was equilibrated 
with buffer A (pH 7.5). The protein of 0.2 M (calpain 
I) and 0.4 M (calpain II) eluate were applied on the 
column separately and eluted by buffer A. Fractions 
containing enayme activity were pooled. 
2.2.6 Calpain Assay : 
The proteolytic activity of calpains were measured 
using alkali-denatured casein as a substrate. Casein was 
prepared for use as described by Ashby and Walsh (1974) 
vv^ hicli can be used immediately, or be stored frozen following 
neutralization (pH 7.5). The calpain activity was 
determined by the method of Waxman (1981). In brief, the 
assay mixture in a final volume of 1.5 ml contained 0.24% 
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alkali—denatured casein, 25 mM 2-mercaptoethanol, 50 mM Tris 
HCl (pH 7.5), appropriate amount of enzyme preparation and 
CaCl2 either 25 pH or 4 mM as standardized for calpain I and 
II, respectively. The reaction was initiated by adding 
calcium and reaction mixture incubated for 20 min. at 25*^ C. 
Following incubation the reaction was terminated by adding 
1.5 ml ice-cold 10% TCA and tubes were left for 
approximately 45 min in melting ice bath. The precipitated 
protein was centrifuged and the absorbance of clear 
supernatant read at 280 nm using Bausch and Lombs 
Spectronic-21 spectrophotometer. Simultaneous controls were 
run without calcium. 
In the present study one unit of proteolytic activity 
was defined as the amount of enzyme that produces a change 
in absorbance of 0.01 at 280 nm under the above assay 
conditions. 
2.2.7 Partial Purification of Calpastatin : 
Calpastatin was obtained by 0.1 M NaCl during DEAE-
cellulose fractionation of dialysed material as described 
earlier in "Batch elution of calpains and calpastatin 
through DEAE-cellulose". This preparation was incubated at 
95^C for 15 min using a boiling water bath. It was allowed 
to cool and centrifuged at 10,000 g for 30 min. Supernatant 
was collected and used for its ability to inhibit calpain I 
and calpain II preparations. 
?2 
2.2.8 Calpastatln Assay : 
Intestinal calpains were prepared as described earlier 
in partial purification of calpains. The activity of 
calpastatin was determined according to Ishiura et al (1982) 
using calpain preparations. In brief, appropriate amount of 
partially purified calpastatin preparation (approximately 
1.0 - 2.0 }xg protein) was incubated with suitable amount of 
calpain at 25^C for 5 min. The reaction was then started 
using 0.24% casein and calcium and the mixture in a final 
volume of 1.5 ml was incubated for 20 min. at 25'^ C. At the 
end of incubation, reaction was terminated by the addition 
of 10% (w/v) cold trichloroacetic acid and tubes were left 
on melting ice for 30 min. The precipitated protein was 
removed by centrifugation and the absorbance of clear 
supernatant read at 280 nm against a suitable control. 
Control reaction mixture were treated in a similar manner 
but without calcium. One unit of inhibitory activity was 
defined as the amount of inhibitor that completely inhibited 
one unit of calpain. 
2.2.9 Protein Estimation ; 
Protein was estimated by the method of Lowry et al 
(1951). Samples were prepared after precipitating the 
protein with 10% TCA (w/v) and dissolving the precipitate in 
0.1N NaOH. Bovine serum albumin was used as standard. 
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2.3 RESULTS 
2.3.1a Purification of Calpains : 
The dialysed material was treated with DEAE-cellulose 
ion-exchanger and the proteins were eluted batch-wise at pH 
7.5. Calpain I activity was obtained in the fraction eluted 
by 0.2M NaCl. The activity of calpainll was observed in the 
fraction eluted by 0.4M NaCl. Optimal micro or millimolar 
Ca concentrations were essentially required for the 
expression of respective calpains activities. The 
endogenous inhibitor (calpastatin) was isolated in the 
earlier fractions eluted by 0.1M NaCl. To obtain further 
purification calpain I and II fractions, obtained by DEAE-
cellulose elution, were passed separately through Sephadex 
G-150 column. They were resolved into two major peaks (Fig. 
1 and 2). Second peak fractions as shown in figures 
contained major part of. activity and were used as source of 
enzyme. The final calpain preparations were purified over 
1,300-folds with 57% yield (calpain I) and 900-folds with 
53% yield (c'alpain II). Results are summarised in Table 2. 
2.3.1b Temperature-dependent Stability of Calpains : 
Activity of partially purified calpains declined 
sharply with the time during its storage at 0-4°C. A loss 
of almost 50% of original activity was observed after 24 hr. 
No significant activity of calpain I and calpain II could be 
observed within 3-4 days. Freezing of the samples at -20'-'C 
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indicated a total loss of activities within over night. 
This suggests a cold-labile nature of calpains. Therefore, 
it was felt necessary to design the purification steps in 
such a way as to obtain partially purified preparations 
within a short time. 
2.3.2 Biochemical Characteristics of Intestinal 
Calpain : 
i) Effect Qt Ca^ "^  on the activity of Calpains : The 
effect of Ca was studied on the activity of calpains 
using different concentrations of Ca and appropriate 
fixed quantity of the enzyme proteins into the 
reaction mixture. The results, as shown in Fig- 3, 
demonstrated that calpain I and II were optimally 
active at 25 p^ and 4 mM CaClo concentrations, 
respectively. 
ii) Effect o£ Eii on the activity of Calpains : The two 
enzyme preparations were separately assayed at 
different pH values using appropriate buffer systems 
keeping the enzyme protein and concentrations of Ca"' 
and substrate constant. As shown in Fig. 4, results 
suggested that both of the calpains were optimally 
active at pH 7.5. 
iii) Effect o£ incubation temperature and time on the 
activity : The calpains were assayed at different 
temperature^ under standard experimental conditions. 
€8 
Effect of [ca^""] 
1.5 
H.O 
1-0.5 
1 10 25 
Ca - Cone. 
- 1 " — I — ' 
50 100 (/J M) 
Fig.3. Effect of Ca^^-concentrations 
II activities 
on calpain I and 
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Effect of pH 
pH 
Fig.4. Effect of pH on calpain II activity (same pH 
optimum was obtained for calpain I also). 
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Both of the enzymes were found to be optimally active 
at 25^C. It was also observed that the time of 
incubation required for the maximal activities of 
calpains was same (20 min) for both of the enzymes 
(data not shown). 
iv) Effect of Casein Substrate on Calpain 1 and Calpain II 
A.ctivity : Both the enzymes were assayed under 
standard experimental conditions as described in 
material and methods with different concentrations of 
casein substrate (Fig. 5). Almost similar results 
were observed with o^-casein (Sigma). Calpain I showed 
two activity peaks at 0.04% and 0.24% casein 
concentrations, respectively, whereas, calpain II 
preparation revealed only one optimum substrate 
concentration peak. The appearance of two optimal 
activity peaks of talpain I at different casein 
concentrations suggests two possibilities : 
i) Contamination of calpain III due to co-
elution 
ii) Presence of other Ca-independent neutral 
protease in the preparation. 
Hence attempts were made to clarify either of 
the possibilities. To rule out any contamination of 
calpain III (An isoenzyme with different optimum Ca 
requirement), calpain I fraction was assayed at 
varying concentrations of calcium at two different 
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fixed concentration of casein (0.04% and 0.24%) 
(Fig. 6). 
This revealed that the Ca requirement at both 
the casein concentrations was 25 jxH for optimum 
calpain I activity. These results ruled out the 
possible presence of calpain III enzyme at least in 
this eluted preparation. For second possibility-, when 
calpain I fraction was assayed in the presence of 0.1 
roM PMSF (serine type protease inhibitor), results 
indicated the disappearance of peak I (Fig. 5), 
suggesting the fact that this calpain I preparation 
eluted from DEAE-cellulose contained the contamination 
of some other Ca-independent neutral protease. 
Although PMSF is not a specific inhibitor of calpain, 
the treatment of calpain I preparation with PMSF (0.1 
mM) caused an inhibition of 18% in this enzyme 
activity (Fig. 7). Furthermore, the partially 
purified preparation of calpain I obtained after 
Sephadex G-150 chromatography always revealed a single 
activity peak at 0.24% casein. 
vv) Effect of Calpastatin .on Activities of Calpain I and 
Calpain II "• Calpain I and calpain II were assayed 
separately in the presence of different concentration 
of calpastatin ( preparation obtained according to the 
procedure mentioned in Materials and Methods) 
Calpastatin was incubated with calpains for 20 min. at 
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25°C and then assayed for residual activity. Results as 
shown in(Fig. 8)demonstrated the significant inhibition 
of activities of odlpain I and fcalpain II at very low 
concentrations of calpastatin. One-half of the c'alpain 
I and c'alpain II activities were inhibited at 1.73 and 
1.86 jag calpastatin concentrations, respectively. 
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Though the presence of activitTeaFoycalpains has 
already been established in many vertebrate tissues 
(Dayton et al., 1976; Suzuki et^al., 1979; Malik et al., 
1983; Kubota et al., 1984; Spalla et al., 1985). But to 
our knowledge, there is no information available regarding 
its role in rat intestinal epithelial cells. For the 
first time we have been successfully demonstrated the 
presence of calpain I and calpain II as well as the 
endogenous inhibitor calpastatin in rat intestine. 
The Ca -dependent neutral proteases (calpain I and 
calpain II) were isolated and partially purified from the 
same preparation by judicious combination of, dialysis, 
DEAE-cellulose and gel filtration chromatography. The 
activities of these enzymes in crude homogenates could 
not be detected due to the presence of either endogenous 
inhibitor 'calpastatin' and/or EDTA (EDTA was present in 
extraction buffer as per requirement to avoid the clumping 
of cells during isolation and to prevent calpain to be 
autolyzed}. However^ , little expression of calpains 
activity was detectable after dialysis of homogenate, 
possibly due to the removal of Ca -chelating agent (EDTA) 
from homogenate. Calpain I and calpain II were partially 
purified by 1295 and 887 folds, respectively. The percent 
yield obtained for calpain I and II were 57 and 53, 
respectively. 
Several workers have purified calpains utilizing ion 
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exchange (Miyachi et al.. , 1986; Otauka et al. , 1988), and 
gel filt^ration chromatography (Waxman, 1981) from human 
skin, porcine skeletal muscle and bovine heart. 
The partially purified preparation of c;alpain I and 
calpain II from rat intestine was found to be cold-labile. 
Time-dependent loss of activity was evident within 3 days 
when stored at 0-4"^ C. Complete loss of activity was 
observed within 24 hr when kept frozen at -20°C. 
Similarly, loss of activity at a temperature above 4*^ 0 was 
also noticed. Similar observations have been made for 
this enzyme isolated from bovine heart (Waxman, 1981). 
However, bovine heart calpain was stable in 50% glycerol 
at -20°C. 
Rat intestinal calpain I and calpain II were 
optimally active at 25 juM and 4 mM CaClr, respectively. 
The concentration of Ca'' required for optimal activity 
for calpain I was 1 mM in human erythrocytes (Murakami, 
1981). Which is 40 times higher than the value reported 
here for the rat intestinal calpain I. However, human 
skin calpain I (Miyachi et al_. , 1986) required 10JU.M Ca^ "*" 
for its optiinal activity which is 2.5 times less than the 
value for rat intestinal c'alpain I. The calpain II from 
rabbit and chicken skeletal muscle (Kawashima et al., 
1984) and bovine heart muscle (Waxman, 1981) required 
calcium concentrations of 6 mM and 2-5 mM, z-espectively, 
for maximal activity. The values were slightly higher as 
compared to that of intestinal calpain II. 
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The rat intestinal calpain I and oalpain II showed 
maximum activity at slightly alkaline pH (7.5) which is 
in close agreement with values reported for human 
erythrocytes (pH 7.2; Murakami, 1981), rat liver (pH 7-
7.5; Murachi, 1981), calf brain (pH 7.2; Malik et al., 
1987) and for bovine heart (pH 7.4; Waxman, 1981). 
However, calpain I of porcine skeletal muscle showed 
maximal activity at higher alkaline pH i.e. 8.2 (Otsuka, 
et al., 1988). The rat intestinal calpains (I and II 
both) were maximally active when assayed at 25°C. This 
finding was similar to the calpain from bovine heart 
(Waxman, 1981). On the contrary, calpain I from porcine 
skeletal muscle (Otsuka et al.. , 1988) and calpain I and II 
from rat liver (Murachi, 1981) were optimally active at 
slightly higher temperature (30*^C). 
The rat intestinal calpain I, obtained after DEAE-
cellulose-chromatography, when assayed at different casein 
concentrations, resulted into the development of two 
optimum activity peaks - one at 0.04% and second at 0.24% 
casein concentrations. However, the treatment of ensyme 
with PMSF showed appearance of only one peak at 0.24% 
casein; suggesting thereby, the presence of a Ca -
independent neutral protease contamination in this calpain 
preapration. No such double peak optima was observed with 
further Sephadex purified preparation. Rat intestinal 
calpain II also utilized 0.24% casein for its maximal 
activity. The reported optimum casein concentration for 
human epidermal cells and erythrocytes was 0.4% (Miyachi, 
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1986 j, Murakami, 1981) and for bovine as well as porcine 
heart muscle was 0.5% (Waxman, 1981 3 Otsuka, et^  al. , 
1983). 
The endogenous inhibitor of calpains i.e. calpastatin 
was also partially purified by DEAE-cellulose 
fractionation and heat treatment as given in Materials and 
Methods and this preparation was used for further 
characterization. calpastatin isolated from rat intestine 
potentially inhibited the activities of calpain I and II. 
Almost 50% activities were inhibited with 1.73 and 1.86 jag 
concentrations, respectively, for enzyme I and II. 
However, rat liver calpain I and II were found to be 
inhibited 50% by rat liver calpastatin at 30 and 5 yxg 
concentrations, respectively (Murachi, 1981). 
The procedure followed for the isolation and partial 
purification in the present study was comparatively a 
simple one, rapid and reproducible. The yield of enzymes 
(calpain I and II) were considerably high as compared to 
the percent yield of enzymes purified from bovine heart 
and porcine heart muscle (Waxman, 1981; Otsuka, 1983). 
This much of purification obtained quickly with out much 
loss of activity was found to be satisfactory for routine 
studies concerning the role of calpain under various 
physiological and pathological conditions. 
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CHAPTER III 
CALPAIN LINKED EEGOALATORY FUNCTIONS; AN AGE DEPENDENT 
AND INTESTINAL CELL DIFFERENTIATION STUDY 
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CALPAIN, CELL DIFFERENTIATION AND AGING 
3.1 Introduction 
Aging is a gradual decline of performance of the 
organ or cell. A number of cellular theories were proposed 
to explain the aging process. In this context communication 
between cells, tissues and organs is an important aspect. 
Life is an integrated process of environmental and 
physiological factors. The homeostasis in a cell is 
dependent on the external and internal environment. 
In recent years, evidence has accumulated suggesting 
that deterioration of cell cytoskeletal elements might be a 
cause of underlying the aging process (i) there is 
experimental evidence suggesting that the senescent-cell 
antigen which was first discovered on the surface of 
senescent human erythocytes, is derived from protein band 3 
or anion transporter by oxidation and subsequent degradation 
(Kay et al_. , 1983; 1984; 1986; 1988). Likewise, Halbhuber 
et al.,(1987) reported decrease (10-50%) in the number of 
spectrin molecules isolated from old cells as compared to 
young erythrocyt.ic cells, (ii) Investigations of the effects 
of aging on cell spreading have shown that cells from aged 
and Alzheimer donors spread more slowly than those from 
young donors (Kelley et al. 1980; Peterson et^  ad_. , 1986). 
Since cell cytoskeletal elements are believed to be involved 
in attachment and spreading on a substratum. It has been 
suggested that aging reflects deterioration of those 
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cytoskeletal elements involved in cell spreading such as 
actin microfilaments and actin binding proteins (Kelley et 
al., 1985). In addition, Millis and his collaborators 
reported reduced adhesion-promoting efficiency for cellular 
fibronectin obtained from aged cells (Chandrasekhar and 
MilLis, 1980; chandrasekhar et al^ - , 1983). Fibronectin is 
an extracellular matrix glycoprotein that promotes cell 
adhesion. 
An intimate relationship between calpains and the 
cytoskeleton has been demonstrated in in vitro studies from 
the particular susceptibility of intermediate filament 
proteins (Nixon, 1983; Schlaepfer, 1983), microtubule 
associated proteins (Sandoval and Weber, 1978; Yoshimura et 
al., 1984; Billger et al.. , 1988), fodrin (Spectrin) (Siman et 
al., 1984; 1987; Harris and Marrow, 1988) and other high 
molecular weight cytoskeleton-associated proteins (Nixon, et 
al., 1986). Recently, the processing of these proteins by 
calpain has been observed in vivo in relation to morphologic 
alterations of the cytoskeleton and plasma membrane, which 
are part of the cell's response to calcium and second 
messenger stimulation. For instance, normal tissues contain 
proteolytic fragments of neurofilaments, fodrin and MAPs 
(Schlaepfer et al. , 1985; Siman et al^ . , 1987; Siman and 
Noszek 1988) similar to those generated by calpain ia vjtro. 
suggesting ongoing physiological turnover. Stimulating 
hipocampal neurons ia vivo by administering excitatory amino 
acids systemically or intraventricularly increases the 
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levels of proteolytic fragments of fodrin and MAP2' which 
resemble cleavage products generated by purified calpains 
(Siman and Noszek, 1988). These events are believed to be 
linked, in turn, to changes in cytoskeleton organisation 
within synapses. By comparison, the administration of 
leupeptin, a peptide inhibitor of thiol proteases including 
calpain, raises the level of neurofilaments (Roots, 1983) 
and fodrin (Siman at al., 1987) in some neural systems. 
The influence of calpains on microtubule dynamics is 
especially evident fi'om studies of mitosis (Schollmeyer, 
1988). Cell division, an event associated with calcium 
sequestring phenomena and calcium transients, requires the 
disassembly of microtubules composing the mitotic spindle 
and a major reorganisation of the associated cytoskeletal 
proteins (Kiehart, 1981; Keith et al., 1985; Poenie et al., 
1986). As cells progress from interphase through different 
stages of mitosis, calpain II relocates from the plasma to 
specific intracellular sites vjith a characteristic timing 
(Schollmeyer, 1988). The association of calpain activity 
with specific mitotic stages is further suggested by the 
ability of calpain II, when microinjected intracellularly, 
to promote metaphase in cells at interphase and to induce 
the precocious onset of anaphase in cells in late metaphase 
(Schollmeyer, 1988). 
The possible influences of calpains extend to the 
skeletal network under the plasmalemma which regulate many 
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interactions between the membrane and the intracellular 
milieu (Bennett, 1985; Ishikawa, 1988). The membrane 
associated proteins o^-actinin, P235 (Beckerle et al., 
1986), spectrin (Siman et al_. , 1984; Siman et_ al^ . , 1987; 
Harris and Morrow, 1988), band 3, band 4.1 (Nixon, 1983) as 
well as certain transmembrane protein components of 
platelets and erythrocytes (McGowan et al., 1983; Yamamoto 
et al., 1986) are excellent calpain substrates in vitro. 
The physiological significance of interactions between 
calpains and certain of these proteins may be reflected in 
the fusion of membranes during myogenesis (Schollmeyer, 
1986), or erythrocyte differentiation (Thomas et al., 1983). 
As myoblasts begin to fuse, in response to calcium influx 
(Pauw and David, 1979), calpain relocates from dispersed 
distribution to the membrane concomitantly with a presumed 
hydrolysis of certain membrane-associated proteins 
(Schollmayer, 1986). Similar events are proposed for fusion 
of the nuclear membrane with the plasma membrane in 
differentiating erythrocytes (Thomas et_ _al.-. 1983). 
Furthermore, the increased level of calpain activity seen in 
degeneration and atrophy (Lynch et al., 1986) suggests that 
this enzyme plays a role in the age-related degenerative 
alterations found in brain. 
Development of intestinal epithelial cell is highly 
complex and architectural event. The underlying process 
which controls cell division, differentiation and denudation 
of upper villus cells is still not well elucidated. Several 
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lines of evidences also, suggest a possible relationship 
between intracellular protein breakdown and both cell 
differentiation and maturation (Brewer, 1974; Bradley and 
Schimke, 1975). Obviously the studies taking into account a 
dynamic, fluctuating balance between calpain and calpastatin 
in cell differentiation and aging process seems to be 
promising. The intestinal epithelium lends itself well to 
such a study because of the unique segregation of cells as 
they migrate from crypt zone to villus tip. The epithelial 
cell begins as undifferentiated mitotically active cells at 
the base of the crypt and differentiates as it moves up to 
reach full maturity. Relative amount of calpain and 
calpastatin in different area of villus and crypt zone cells 
may be crucial for the level of Ca -activated proteolytic 
activity during development and morphological 
differentiation. 
In the present study, an attempt has been made to 
observe calpain expression in the gradient of crypt to 
villus zone of intestinal epithelial cells during aging and 
senescence. Differential expression of calpain I,II and 
calpastatin along villus to crypt axis has also been 
evaluated in adult rat. Furthermore, Ca-binding along 
villus to crypt cell membrane in adult rat intestine has 
been demonstrated which correlates well with other 
parameters. 
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3.2 MATERIALS AMD METHODS 
3.2.1 Isolation Q£. Intestinal Epithelial Cells ^ 
Different Stages Q1 Cgll Differentiation From 
Crypt ia VJUvts : 
Overnight fasted rats were sacrificed by cervical 
dislocation. Small intestine was removed and flushed with 
washing solution containing 0.154M NaCl^ 1.0 mM dithio-
thre<tol. Cecal end was ligated with an artery forcep; and 
intestine filled with 15-20 ml of solution 'A' containing 
1.5 mM KCl, 96 mM NaCl, 27 mM sodium citrate, 8.0 mM KH2PO4, 
5.6 mM NaoHPO^ {pH-7.3) and the other end was clamped with 
another artery forcep. The intestine was then immersed in 
solution A and incubated at 37^ for 15 min in a constant 
temperature water bath. Fresh air was bubbled to the 
immersing solution throughout the experiment with the help 
of an erator. After 15 minutes of incubation the intestine 
was emptied by holding one end and opening the other end. 
The fluid was discarded and intestine was refilled with 
solution 'B' containing 1.5 mM EDTA-0.5 mM dithiothretol in 
phosphate buffered saline (pH 7.2) and immersed in the 
beaker containing solution B after clamping the end with 
artery forcep. After incubation of intestine for 4 minutes, 
the intestinal contents were emptied into a plastic 
centrifuge tube to yield the first epithelial cell 
population. The intestine was filled with solution B, 
incubated, emptied and the process was repeated for 9 more 
times following the incubation of 4 , 2 , 2,3,4,5,7,10,and 15 
87 
min, respectively. Thus intestinal epithelial cells were 
prepared along crypt to villus axis on gradient of 
differentiation according to Weiser (1973). Cells of each 
tube were centrifuged to sediment at 900 g for 5 minutes and 
washed twice with 4 mM EDTA containing /S -mercaptothanol 
(pH 7.4) to remove phosphate buffer. For various 
experiments, cells in their sequence of disociation from the 
intestine were pooled into four fractions on the basis of 
their protein content and alkaline phosphatase activity as 
described by Panini et al- (1979). These were designated as 
upper villi (UV), middle villi (MV), lower villi (LV), and 
crypt (C), containing approximately 20 (UV), 30 (MV), 30 
(LV) and 20 (C) percent of the total protein, resepctively. 
3.2.2 Calpain Isolation : 
Cells from villus to crypt were homogenized in Potter-
Elvehjem type homogenizer at a top speed for 25-30 seconds 
using 4 volumes of 4 mM EDTA and 15 mM 2-mercaptoethanol. 
Homogenate was centrifuged in refrigerated centrifuge at a 
speed of 10,000 g for 30 minutes. The supernatant was 
decanted and its pH readjusted to 7.5 with IM NaOH. The 
supernatant was dialysed overnight against a buffer 
containing 5mM Tris-0.1 mM EDTA - 10 mM NaCl - 15 mM 2-
mercaptoethanol, and adjusted to pH 7.5 (Buffer A). The 
dialysed material was assayed for proteolytic activity using 
casein as substrate. This dialysed material was further 
used as the source of crude enzyme for proper isolation and 
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purification of calpains. Purification was carried out 
employing step-wise fractionation with DEAE-cellulose. 
Finally washed DEAE-cellulose was equilibrated in buffer A 
and mixed with dialysed preparation. The mixture was 
properly stirred for 20 min for complete binding. Following 
centrifugation, the supernatant was discarded and the 
sediment washed with sufficient amount of buffer A to remove 
any unbound protein. Proteins were then eluted by stepwise 
fractionation using NaCl concentrations in increasing order 
from 0.1 to 0.5 M. Eluates obtained from different 
fractions were assayed for proteolytic activity. The eluate 
using 0.2 M NaCl showed calpain activity at uM concentration 
of calcium while the eluate of 0.4 M NaCl extracted calpain 
was activated at millimolar concentrations of calcium. By 
this method calpain I and calpain II were distinctly 
separated. 
3.2.3 Calpain Assay • 
The assay system and unit of activity have already 
been described earlier. 
3.2.4 Calpastatin Isolation : 
Homogenate of UV, MV, LV and crypt cells were 
centrifuged at 10,000 g for 30 min. Supernatants were 
collected and heated at 95°C for 15 minutes in a boiling 
water bath to remove endogenous proteolytic activity. 
Samples were allowed to cool and again centrifuged at same 
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speed for 30 min. Supernatants were used for their ability 
to inhibit calpain II activity. 
3.2.5 Calpastatin Assay • 
As described earlier. 
3.2.6 Protein Determination : 
As described earlier. 
3.2.7 Epithelial cell BL^mbran'g prgpar&tjQn smd ila-^"*" 
binding assay. 
Please see in next chapter. 
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3.3 RESULTS 
Calpain activity jji jnt^ Stjinfll gpjthelial cells in rats Q± 
different age ^rpUPS 
Rat intestinal epithelial cells were isolated as 
given in the materials and Kethods section. Cells were 
collected separately as upper villus (UV), middle villus 
(MV), lower villus (LV) and crypt region cells. Rats of 
different age groups viz., weanling, adult and old rats were 
selected according to their weight and size. Calpain 
activities were measured in the homogenate preparation 
following overnight dialysis against Tris-buffer as 
described earlier as well as in the enzyme preparations 
isolated after DEAE-cellulose treatment also as mentioned in 
the methods section. 
3.3.1 Weanling Rats : 
In the weanling rats, the dialysed homogenate 
preparation showed very little activity of calpain I 
whereas, calpain II activity was significantly expressed. 
Crypt region cells had comparatively higher calpain 
activity. Isolation procedure employing DEAE-cellulose 
revealed tremendous increase in the calpain activities with 
the exception of upper villus cells calpain I activity. 
Enzyme in crypt cells region showed a 18-fold increase. 
However, same was not true for calpain II (Fig. 9,10). 
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Fig.9. Calpain I distribution profile in intestinal 
epithelial cell fractions of weanling rats along 
villus to crypt axis. 
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3.3.2 Adult Rats •• 
The calpain I was not significantly different until 
DEAE-cellulose treatment was given. Much higher activities 
were recorded for calpain I in adult rats intestinal 
epithelial cells although crypt region showed consistently 
higher activity (Fig. 11,12). 
3.3.3 Old Rats : 
Calpain I was found to be much higher in upper and 
middle villus region in old rats while calpain II was low in 
this region (Fig. 13,14). 
3.3.4 C^lPastfltin : 
Calpastatin an inhibitor of calpain was found to be 
present in intestinal epithelial cells and was separated by 
DEAE-cellulose treatment. In adult rats maximum inhibitor 
was present in MV region and least was in crypt region 
(Table 3). 
3.3.5 ^^Ca-incorporation : 
Maximum incorpration was in the crypt region and 
the amount of incorporation was progressively reduced 
towards the upper villus region (Table 4). 
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to crypt axis. 
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3.4 PISCTSSIQW 
3.4.1 Age-related changes of calpain I. and II : 
The activity of calpain II in the dialysed 
homogenate preparations of weanling rats upper villus was 
almost insignificant as compared to its concentration 
present in adult rats upper villus region. ("onver-sely, the 
activity of calpain II was observed to be more significantly 
expressed in the middle and lower villus as well as in 
crypts of weanling rats as compared to its activity in adult 
rats. These results suggest the removal of endogenously 
present calpastatin from villus and crypt of weanling and 
adult rats resulting into drastic increase in calpain II 
activities. The expression of calpain II in the absence of 
calpastatin was found to be almost same in the weanling and 
adult rats upper and middle villus regions. However, 
calpain II activity (in the absence of calpastatin) was 
found almost double in adult rats lower villus and crypt 
regions as compared to the weanling rats. 
Studies on calpain II in weanling and adult rats 
further demonstrated that the synthesis of calpastatin in 
the middle and lower villus as well as crypt regions of 
weanling rats was less as compared to its rate of synthesis 
in adult rats thereby allowing the greater suppression of 
calpain II expression in adult rats. However, the upper 
villus of weanling rats showed the presence of higher 
concentration of calpastatin as compared to that of adult 
rats. These findings clearly demonstrate the regulation of 
calpain activity by calpastatin and also emphasizes the 
importance of calpastatin in the regulation of calpain 
activity. 
Earlier reports (Blomgren and Karlsson, 1989; 
Kenessey et a^.-» 1990) generally have not provided much 
information regarding calpain I in aging process. Calpain I 
is generally thought to be physiologically more significant 
than mM calcium requiring calpain II. Calpain I can be 
activated to 50 percent at 2 iiM Ca and this concentration 
may not be very far from the average physiological level of 
pa'' (Inomata et al.,1982). Hence, Calpain I in aging 
process seems to play vital role and its study can not be 
omitted. Keeping this point in mind the present study was 
undertaken. It was very well observed that at least in case 
of epithelial cells the role of calpain I is equally 
important. 
It is interesting to mention here that mM Ca 
concentration required for calpain II activation is 
unphysiological. Therefore, a question arises as to why 
there is a calpain II. Following reasons have been 
postulated, (i) Calpain II is activated on calcium dependent 
binding with membrane thus reducing its calcium requirement 
to juM (Suzuki, 1987, Suzuki et al.,1988) and is not inhibited 
by calpastatin (Melloni et^  al.l985); (ii) Conversion of 
calpain II to calpain I is always possible as and when 
required (Suzuki et al.^ 1988). 
\Q 
Results from figures 9 and 10 reveal that calpain I 
is not present in upper villus of weanling rats in dialysed" 
material as well as DEAE eluates. While calpain II is 
present in DEAE-cellulose eluate. In adult rats (Fig. 11-. 
12) both calpain I and II are present in dialysed and DEAE-
cellulose eluate while in old rats (Fig. 13-14) calpain I is 
only present in abundance in dialysed as well as DEAE-
cellulose eluates indicating thereby that calpain II might 
have been converted into calpain I along the aging process 
and this conversion is developmentally regulated. Besides 
the heterogenous presence and alterations in the levels of 
calpains among different regions along villus to crypt axis 
of weanling, adult and old rats, expression of calpains 
activity is totally seems to be regulated by calpastatin. 
Survey of the overall results indicate that the 
properties of this proteolytic enzyme are not identical 
along villus to crypt axis in the intestine of weanling, 
adult and old rats and modulation due to aging varies 
according to different stages of cells as well. Influence 
on regional heterogeneity may be contributed by differences 
in substrates, their relative concentrations, degree of 
membrane binding, posttranslational modification, etc. It 
is well established, for example, that the degree of 
phosphorylation influences the degradation of substrate 
proteins by calpain (Pant, 1988). The fact that endogenous 
modulatory factors can alter calpain activity, together with 
either varying concentrations of calpastatin or its varied 
|U3 
amount of release indicates an important role of this 
intestinal proteinase system particularly in the aging 
process. 
3.4.2 Differential effects Ol caloains QM calpastatin : 
Observation described here provide first 
demonstration about distribution profile of calpain and 
calpastatin to implicate its role in regulation and/or 
expression of differentiation in rat intestinal epithelial 
cell system'. calpains which have been thought to be 
involved in the control of proliferation and/or 
differentiation of epidermal cells^ (Miyachi et^  al.,1986), 
skeletal myoblasts (Kaur and Sanwal, 1981) and PC12 cells 
(Oshima et al., 1989)were examined here for a possible 
similar role in intestinal epithelial cells (Fig. 11-12). 
The results suggest that properties of calpains are 
not identical throughout the gradient of differentiation 
along villus to crypt axis. The data presented here support 
such a role for calpain in morphological differentiation 
because cytoskeletal proteins are selective substrates for 
calpain which could be implicated to regulate the surface 
chemistry and morphology of cells (Lynch and Baudry 1987). 
changes in activity can be correlated with morphological 
alterations. The activity of calpain was not expressed in 
middle and lower villus homogenate preparations but after 
the removal of inhibitor ^  calpain activities were 
significantly expressed. The activity of endogenous 
%04 
inhibitor, calpastatin (as shown in Table 3) revealed an 
increased level in lower and middle villus regions. This 
can very well account for the decreased calpain activity. 
Although presently we can not rule out another possibility 
that there could be a decrease in the activity of a calpain 
act.ivator (Shiba et _al..,1992). However, it, seems more 
logical that there is an increase in the inhibitor 
concentration along with the progress in cell 
differentiation phenomena. 
Here, it is of interest to speculate that calpain 
may be quite primary in morphological events. If the growth 
of cytoskeletal proteins is on going limited degradative 
action of associated protease such as calpains in upper 
villus and crypt, then inhibition of calpains in middle and 
lower villus cells might alter the dynamic balance of 
synthesis and degradation. The present findings indicate 
that calpain/calpastatin plays important role in the 
regulation of cell differentiation atleast in intestinal 
epithelial cells. Results as shown in Table -4, further 
revealed that as the intestinal epithelial cells 
differentiate along with maturation moves from crypt to 
villus, the incorporation of calcium to the cell membrane 
decreases. Calcium dependent binding with cytoplasmic 
membrane and activation of calpain on membrane surface has 
been recognised (Kuboki et al.,1987; Suzuki et, al.. 1987) . 
Calpain II which is known to be activated at mM 
concentration of calcium, requires aiM calcium concentration 
It-5 
(Su2uki ^31',^^^'^^ when bound to membrane for activation. 
Further more, when calpain associates with membrane, the 
associated enzyme is not inhibited by calpastatin. High 
degree of calcium membrane binding in crypt cells might also 
be due to high calpain-membrane calcium dependent 
association so as to facilitate calpain activation. 
Calpastatin activity was lowest in crypt among the 
four regions analysed. While calpain II was significatly 
present in this region. As described earlier that crypt 
cells are immature dividing cells and differentiate to 
villus along with maturation. Schollmeyer (1988) reported 
that calpain II promotes mitosis while calpain I is without 
effect in this process. Calpastatin in the same report was 
shown to arrest mitotic process. It is interesting to 
speculate here that calpain II and calpastatin are involved 
at least partly in the general mechanism of mitosis in crypt 
cells of rat intestine. 
CHAPTER IV 
DYNAMICS OF CALPAIN CASCADE ALONG VILLOS TO 
CRYPT AXIS'.POSSIBLE ANOMALIES CAUSED 
BY FLUORIDE INGESTION IN RATS 
|i''6 
4.1 INTRODUCTION 
Literature reveals several episodes of acute poisoning 
due to fluoride (Waldbott, 1963, 1981). The known toxic 
effects due to fluoride are not only confined to skeletal 
tissues but its deleterious effects on muscles, central 
nervous sytem, cardiovascular system, respiratory tract, 
gastrointestinal tract, liver and kidney have also been 
reported (Waldbott, 1963, 1981; Kaul, 1976; Whitford and 
Pashley 1979). Fluoride is being ingested from many sources 
viz.> drinking water, food, dental health products, 
pesticides etc. Fluoride consumed by man and animals ,is 
chiefly absorbed in the intestine (Stookey et al.-. 1964). 
Over fluoridation (126 mM) of drinking water have been 
reported to cause nausea, voraitting and diarrhoea (Waldbott, 
1981). Furthermore, the effect of acute and low 
concentration of fluoride on gastric secretion, ion 
transport and other disorders have also been studied 
(Waldbott 1977; Reed and Smy 1980; Shayiq et^  ad., 1984). In 
addition, fluoride causes alterations in the permeability of 
membranes and membrane bound enzymes (Kaul 1974; Martin et 
al. , 1980; Rastogi et^  al^ . , 1987). Hongslo et al., (1980) 
observed that fluoride is cytotoxic to cells in vitro, 
causing growth inhibition and cell death. At subcellular 
level, it also causes inhibition of protein and nucleic acid 
synthesis (Holland, 1979). 
Intestinal cell lining plays an important role in 
1^ 7 
digestion and absorption. It automatically becomes the most 
exposed site of contact to fluoride following ingestion. 
Several studies reported from this laboratory have also 
shown significant alterations in the formation of lipid 
peroxides and the release of either membrane bound or 
intracellular proteins on fluoride administration suggesting 
intestinal membrane damage (Shayiq et a]^. , 1986; Rastogi et 
a]^. , 1987). 
Transient changes in cytosolic Ca underlie a number 
of important physiological processes which includes 
regulation of cell function and structure. On the other 
hand, the impairment of the mechanisms that regulate the 
cytosolic Ga level can result in a nonphysiological 
increase of Ca in the cytosol. Since this may be 
associated with the activation of certain degradative 
enzymes, such as calcium dependent proteases and lipases, it 
has been proposed that cell damage caused by various toxic 
agents could be mediated by a sustained elevation of 
2 + 
cytosolic Ca concentration. Several studies have 
suggested that calcium-dependent proteases (calpain) and 
lipases are widely distributed in biological membranes or 
can associate with membranes in a calcium-dependent manner 
and become autocatalytically activated at the membrane 
surface (Vanden, 1980; Chien et al. , 1980; Suzuki et al.. , 
2 + 1987). Thus studies dealing with Ca -uptake and membrane 
binding can account for the common morphology of cell damage 
by fluoride. 
lis 
Fluoride has been reported to stimulate Ca'^  influx in 
various other cells through guanine nucleotide ' binding 
protein (Motozaki et al. , 1988; Verhallen et al^ . , 1988). 
Activation process of protein kinase C is also induced by 
fluoride (Hauschildt et a]^. , 1988). The role of Ca^ "*" in the 
control of calpain - mediated proteolysis in a number of 
tissues is i^ ell recognized and it may be proposed that 
increase in intracellualr Ca may lead to enhanced rate of 
proteolysis which might be a novel index of cellular injury 
due to xenobiotics. 
Furthermore, metal ions participate in many 
diversified cellular functions. They have ability to bind 
to a number of cellular ligands. Usually they bind to 
sulfur, nitrogen or oxygen containing ligands such as -OH, 
-COOH, -FO3H2, -SH and "NHg. Biologically the most 
important ones are those with sulfhydryl groups. There are 
also reports that metals bind to intracellular Ca -binding 
2 + proteins and may alter Ca -mediated processes (Habermann 
et al.. , 1983; Richardt et_ al_. , 1986). Therefore, any major 
or even a minor alterations of metals particularly in the 
intestinal cell lining at a given moment could be an 
expression of functional differences. 
Several significant cellular functions have been 
shown to be regulated by calpain under physiological 
conditions (Kay, 1984; Pontremoli and Melloni, 1986). 
However, no study has been undertaken so far in relation to 
It 9 
the role of calpain in intestinal epithelial cells along 
villus to crypt axis following fluoride exposure. The 
present study was designed to examine changes in calpain 
activity and redistribution of metals during acute fluoride 
administration with a view to understand the possible role 
of calpain in fluoride mediated intestinal epithelial cell 
damage all along villus to crypt axis. It was also the aim 
of the present study to find out how fluoride affects Ca -
uptake along villus to crypt gradient in rat intestine and 
how calpain activities are modulated. 
In living cells, all the Ca is bound to cytosolic 
Ca -binding proteins and cellular membranes or sequestered 
within membranous organelles (Bonventre et _al., 1988). 
Calcium binding to soluble Ca -binding proteins is small. 
Negatively charged phospholipids bind large amount of Ca'^  . 
Thus, cell membranes constitute a major Ca -binding 
substrate. Therefore, the effect of fluoride on calcium and 
intestinal epithelial cell membrane binding along the 
gradient of differentiation was investigated which can 
correlate well with other parameters. 
}\Q 
4.2 MATERIALS MD IffilBQDS 
4.2.1 -In vi-VQ mQdulatJQn ol calpain activity iiz NaF : 
Male albino rats weighing 150 g average body weight 
obtained from Industrial Toxicology Research Centre animal 
colony were used throughout the study. Before sacrifice all 
animals were fasted overnight with free access to drinking 
water. Animals of experimental group received a single oral 
dose of NaF (25 mg/kg body wt.). Second group of animals 
received normal physiologic saline (NaCl) in an identical 
manner and served as control. Rats were sacrificed after 24 
h by cervical disloca-tion. Small intestine was removed and 
luminal contents gently flushed out with 0.154 M NaCl 
containing 1 mM dithiothreitol. Intestinal epithelial cells 
of the differentiation stages of development were prepared 
according to Weiser (1973). For experiments, cells in their 
sequence of dissociation from intestine were pooled into 
four fractions on the basis of their protein content and 
alkaline phosphatase activity (Panini et al.,1979). These 
fractions were designated as upper villi, middle villi, 
lower villi and crypts, containing approximately 20, 30, 30 
and 20 percent of the total protein, respectively. Cells 
of each fraction were washed with homogenizing buffer (4 ttiM 
EDTA, 15 mM ^-mercaptoethanol; pW 7.5) to remove the traces 
of buffer A and B and centrifuged at 900 g. Washed cells 
were homogenized and centrifuged at 10,000 g for 30 min. 
Supernatant was used for further studies. Our preliminary 
Vi 
experiments with intestinal epithelial cell preparations 
indicated that calpain activities were not expressed either 
in whole homogenate or in 10,000 g supernatants. Therefore, 
supernatants were dialysed overnight at 0-4°C against a 
buffer (pH 7.5) containing 5 mM Tris, 0.1 mM EDTA, 10 mM 
NaCl and 15 mM fi -mercaptoethanol. Following dialysis the 
supernatant was taken out of the dialysis bag and used for 
calpain assay using casein as substrate according to the 
method as described earlier. Calpain activities were 
expressed in this preparation. 
4.2.2 Mfiial Estimation • 
For the determination of various metal content of 
intestinal epithelial cells, cells from each fraction were 
washed with 5 mM Tris buffer (pH 7.5) to remove last traces 
of solution A and B. Washed cells were homogenized in the 5 
mM Tris-buffer (pH 7.5) and acid digested. Metals viz.^Ca, 
Mg, Cr, Cu, Ni, Zn, Fe, Pb and Cd were measured by ICP 
(Inductivity coupled plasma spectrophotometer; Lab Tarn 
8040). Pure metal powders or AR grade chemicals were used 
as standard. 
4.2.3 Calcium uptaHe a M binding i£ iperobygne vndgr in vitrp 
Male albino rats weighing 150 g average body weight 
were used for intestinal epithelial cell preparation by the 
method described earlier. Cell suspension of each fraction 
was poured through nylon stocking material to remove intact 
t. 
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intestinal tissue and further disperse the cell population. 
The cell suspension was centrifuged at 900 g for two minutes 
to sediment the intact cells. After draining the 
supernatant, the pellet was resuspended in Krebs-Ringer 
phosphate buffer, pH 7.4 and again centrifuged at 900 g for 
two min. The washing procedure was repeated once again and 
the final cell pellet obtained was resuspended in desired 
volume of the Krebs-Ringer phosphate buffer (pH 7.4). The 
suspension was ready for experimental use. Before the start 
of cell isolation experiment, all the solutions were brought 
to 37'^ C. Continued agitation of suspensions was avoided as 
this was found to cause considerable cell damage. If cells 
were left without agitation they tended to clump together 
into large masses, but clumped cells could easily be 
dispersed before removing a sample by gently shaking the 
container. 
Cell viability, which was always found 85 to 90% was 
estimated by determining the fraction of population able to 
exclude 0.5% Trypan blue (Girardi et^ aJ^. , 1956). 
2+ Ca -uptake was measured according to the method of 
Mauger et al- (1984). Briefly, incubation was started in an 
appropriate volume of cell suspension by addition of 5 and 
10 mM of sodium fluoride. This incubation with NaF was 
carried out for 15 min. Uptake measurement was started by 
4 "^  
adding trace amount of CaCl2 (4 iiCi/ml; specific activity 
25.9 mCi/g) following 15 min incubation. Accuracy of 
ri5 
activity was + or - 10% as supplied hy Bhabha Atomic 
Research Centre, India. The "^ C^a^ "*"-uptake was determined at 
2 min interval after addition of '^ "^ CaCl2- Each was 
immediately diluted by equal volume of ice-cold buffer 
solution containing 154 mM KC.l, 5 mM CaClg, 5 mM Tris HCl 
(pH 7.4). The mixture was filtered immediately through 
millipore filter (Whatman Millipore , glass filters GF/C) 
fitted in iVlillipore filtration assembly (Sampling manifold 
Millipore, U.S.A.) under negative pressure. The cell pellet 
retained by the filter was washed with 10 ml of the ice-cold 
washing solution. Care was taken that filter did not get 
into contact with air before the termination of washing 
procedure. The initial filtration was completed within 10 
second and the entire process including the washing could be 
completed in less than 20 seconds. Incubation temperature 
was 37°C, and shaking at 100 cycles/min. was required to 
maintain adequate oxygenation and uniform suspension for 
sampling. The filters were placed in an oven at 65°C for 
10-15 min untill completely dried and then dropped directly 
into toluene and 2-methoxy ethanol based scintillation fluid 
and counted for radioactivity in LKB-Wallac 1215 Rackbeta II 
liquid scintillation counter. Control tubes were treated 
similarly but without NaF. 
4.2.4 Epithelial cgll membrane preparation and Ca^"^-binding .assaz : 
Intestinal epithelial cells at different stages of 
cell differentiation were isolated as described earlier. 
'^1 
The cells were suspended in 5 mM EDTA plus 10 mM Tris-buffer 
pH 7.5, and homogenized (12-15 strokes/min) with a motor 
driven glass/Teflon homogenizer. Cell membranes were 
prepared from the homogenate as described by Forstner et al. 
(1968a). Briefly, partially purified membrane preparation 
was obtained by differential centrifugation and membranes 
were generally isolated after homogenization in 100 mM-D-
mannitol containing 10 mM Tris buffer pH 7.5. After the 
final centrifugation (30,000 g) for 30 min, the vesicles 
were resuspended in the desired incubation medium with a 
Tuberculin syringe and then used for Ca -binding assay. 
All the above operations were performed at 0-4°C. The 
binding of Ca*^  to epithelial cell membrane using 
4 "S 
radiolabelled CaCl2 was essentially carried out as 
described by Miller et al. (1982). 
1 c 
4.3 RESDLTS 
4.3.1 Y-'^-fects Q1 fluoride on Q& -uptake in £ ^ intestinal 
<^pithelial cells : 
Sodium fluoride in a concentration of 5 and 10 mM was 
incubated for 15 minutes in four fractions of cells, a 
concentration dependent increase in Ca -uptake was 
observed. Ca -uptake, increases upto 59% in upper villus, 
20% in middle villus and 4% in lower villus cells. 
However, on the other hand, upto 19% decrease in Ca -uptake 
was observed in crypt cells as shown in Table 5. In 
control, Ca -uptake was highest in upper villus while 
lowest in crypt cells as evidenced by Table 5. 
4.3.2 Effect Q1 fluoride on Ca -bindinff i^ intestinal epithelial 
cell membrane : 
Percent calcium-binding to intestinal epithlial cell 
membrane along villus to crypt axis in normal rats revealed 
a continuous increasing trend towards crypt zone. Crypt 
2+ 
region showed almost double Ca - incorporation as compared to 
the villus region (Table 6). Whereas, fluoride treated cell 
membranes revealed more or less same amount of Ca-binding 
throughout the cell differentiation stages. It was almost 
same as mature upper villus cells of normal animals. The 
data presented here are also aimed to focus on quantifying 
changes in calpains activities since calpains have been 
reported to be activated at membrane surface on calcium 
dependent binding (Coolican and Hathaway, 1984). 
•nb 
Table 5 
9 + Ca -uptake along villus to crypt axis in rat intestine 
4 *S Regions Treatment Ca-uptake(2 rain) 
(NaF) nmol/mg protein 
Upper villus 
Middle villus 
Lower villus 
Crypt 
0.0 
5 inM 
10 mM 
0.0 
5 mM 
10 mM 
0.0 
5 mM 
10 mM 
0.0 
5 mM 
10 mM 
1 
1 
1 
1. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
. 14 
.43 
.81 
.08 
.28 
,30 
90 
93 
94 
63 
55 
51 
t17 
Table 6 
Percent Ca incorporation in intestinal epithelial cell 
membrane along villus to crypt axis 
Regions Treatment % ^^Qa. 
(Fluoride) incorporation 
Upper villus 0.0 6.65 
5 mM 5.03 
Middle villus 0.0 10.5 
5 mM 4.56 
Lower villus 0.0 11.27 
5 mM 7.9' 
Crypt 0.0 13.3 
5 mM 6.59 
t18 
4.3.2 Effect Q1 flUQrid^ OH CglP9J.n activity : 
Table 7 shows the effect of fluoride on calpain 
activity along villus to crypt axis in rat intestine. 
Normally the calpain activities are not expressed in middle 
and lower villus region cells until the specific endogenous 
inhibitor calpastatin is removed as described in Ilird 
chapter. Calpain activity is increased along villus cells 
following NaF treatment as evidenced by Table 7. On the 
other hand, inhibited levels of calpain in crypt region 
cells of NaF treated group as compared to the normal was 
observed. 
4.3.4 Effect Q£_ flupride <:^  metal lona profile • 
An elevated level of some of the metal ions in the 
cells could very well influence the calpain activity to a 
significant extent. Even minor alterations in the level of 
essential metal could lead to serve consequences under 
pathological conditions. Therefore to understand the 
regulatory functions, the metal distribution profiles of 
epithelial cells along villus to crypt axis have been 
analysed in normal and NaF treated animals. The result from 
2+ Table 9 reveals marked increase in Ca levels almost 
throughout the villus to crypt region following single oral 
dose of NaF administration as compared to control as shown 
in Table 8. However, the distribution profile of Mg, Cr, 
Cu, Ni, Fe, and Zn indicates minor variations. 
f l 9 
c 
ft 
n 
•p 
u 
o 
-rH 
a3 
2 
bO 
• H 
o 
o 
n 
•p 
B5 
- P 
n 
r H 
OS 
o 
•p 
> i 
0) O 
4 J 
m 
(U 
4J 
e 
in 
7^  
e 
r H 
o 
G 
-H (d 
ft 
r H 
«3 
O 
C 
•H (0 
ft 
-H 
<d 
o 
ft 
r H 
(0 
o 
o 
- H 
• p 
o 
»H 
* 
en 00 
ta 
+1 
eg 
lO 
•<3< 
* 
05 
•H 
S 
+ 1 
00 
CO 
Q 
Q 
* 
CM 
T-t 
cs + 1 
in 
t^ 
* 
CO 
S 
si 
+» 00 
in 
(a 
* 
lO 
S 
tsj 
+ • CD 
00 
t^ 
CM 
Q 
IS 
+ 1 
-^ lO 
(S 
* 
• 
S 
+ 1 
•51* 
in 
<r> S 
00 
IS 
IS 
+ 1 
^r 
oo 
CM 
S 
IS 
(S 
(S 
Q 
CM 
S 
+ 1 
i n 
CO 
CM 
IS 
eg 
<S 
+« 
•r-t 
CD 
r-4 
IS 
IS 
IS 
IS 
IS 
IS 
+ > CO 
t H 
fH 
01 
3 
rH 
i H 
- H 
> 
u 
o ft 
ft 
D 
n 
3 
rH 
rH 
- H 
> 
(D 
rH 
n 
n 
- H 
s 
«Q 
3 
. H 
rH 
- H 
> 
u <D 
s 
o J 
•p 
ft 
>. 
V4 
o 
01 
•P 
c 0) 
6 
- H 
Vl 
<D 
ft 
X 
4) 
i n 
o 
-p 
• ^ 
e 
o (H 
03 
+ , 
fl 
03 
0) 
S 
(U 
^ 
<a 
01 
<D 
3 
r H 
ffl 
> 
c 
- H 
(U 
-p 
o 
u ft 
t« 
s 
n 
-p 
-H 
c 3 
to 
05 
XS 
4) 
to 
01 
<U 
in 
ft 
X 
!>. 
P 
• H 
>^  
• H 
o (0 
c 
-H 
03 
ft 
i H 
to 
o 
i n 
IS 
IS 
V 
ft 
* 
120 
c 
'5 
o 
o. 
en 
E 
9n 
6-
i ' 
3 
i 2-
Ck. 1-
^ 
/ ; 
i ^ 
Calpoin I 
Colpoin II 
RZl Control 
I I NaF-Traatd 
[•• • :| Control 
FT l NaF -Treated 
.ea. FT'FJ Z2 
FT 
• 
Upp«r Villus Middle Villus Lower Villus Crypt 
Fig.15. Calpain status of intstestinal epithelial cell 
fractions along villus to crypt axis following 
in vitro treatment of 10 mM NaF at 25°C for 30 
min. 
03 
4) 
r—I 
to 
•H 
« 
D. 
>. 
O 
o 
3 
-H 
> 
bo 
C 
O 
I—I 
03 
O 
«3 
•H 
r - l 
4J 
s: 
-p 
•H 
ft 
(0 
c 
• p 
to 
<D 
• P 
+3 
u 
m 
o 
o 
u 
a« 
c 
o 
•H 
-p 
3 
,Q 
•H 
S^  
-P 
n 
-H 
4) 
3 
0) 
-P 
o 
ft 
6 
\ 
u 
bo 
o 
CO 
- P 
« 
c 
o 
•H 
-p 
o 
S3 
U 
fa 
cn (S 
00 CS 
O) • 
S Q 
• +f 
S — 
. f — ^ 
en 
Q ^ 
•^ • 
- ^ 
T-i - - ^ 
Q 
<S) 
• Q 
'—«. 
T - l 
(S 
m s 
>-( S (S3 
• +1 
(S --
'-^  LO .-H 
CS !S 
(S tS 
* S (S 
• +f 
CO -—• 
-^\ 
•^  
w-i 
00 -
»H tS 
• +1 
T-( ^ ^ 
.^ 
ta 
t -
t o CS 
c ^ • 
tv tS 
• + r 
ts ^ 
« 3 
f t 
i H 
> 
U 
<u ft 
ft 
rD 
cn 
iS 
m (S 
Tj« . 
.-H ( 2 
• +« 
S — 
_ 
OJ 
CO t a 
Q • 
rH t s 
• + 1 
o — 
. ^ - N . 
00 
SJ 
lO t s 
T H 
IS (S 
• + 1 
s — 
.—^ 
, - t 
(S 
s s 
--H (S ts 
• + 1 
(S — 
ro 
ts 
S 
!S 
' S 
en 
r~l 
C- • 
CM ( S 
• + « 
r - l •—• 
-^^  
CO 
• ^ 
uo (S 
i n • 
Tr IS 
• + ( 
IS ^ 
to 
3 
rH 
i - l 
•^ ^ 
> 
4) 
i—i 
xs 
X! 
-H 
S 
S <M 
« S I S 
t-- -
^ (S 
• 4- 1 
ts — 
r~l 
Si 
IS • 
OD ts, 
CS -H 
ts ^ 
^^^ CSJ 
(S 
Oi IS 
«-( IS Q 
• + 1 
ts —• 
.-^v 
r - l 
ts 
CO S 
T - l 
(S IS 
• +1 
ts -^ 
'—• 
r - l 
•<?' 
CS <S 
<r> • 
<M IS 
• + 1 
ts - -
^^ ro 
r - l 
CD • 
CJ IS 
• + » 
r H •~' 
/"^ 
uo 
lO 
(S ts 
ts • 
i n t s 
• + 1 
IS — 
tn 
3 
n H 
r - l 
• H 
> 
u 
<u 
s 
o J 
r - l 
00 
S IS 
en • 
- 1 t s 
• +" Q ^ 
y~^ 
r - l 
o j IS 
t - • 
(S S 
• +1 (S - -
*"•>. 
(£> 
IS 
CD t s 
•^ • (S ts 
• +t 
(S — 
^ — » 
•^  
IS 
CD t s 
CO • 
IS IS 
• + 1 
ts w-
.-^  Q 
C'O 
S IS 
IS • 
--1 ta 
• +1 
ts - -
'"^ 1 
•<*• 1 
r - l 1 
ts • 1 
CO ts 1 
• + i i 
.-1 ^-- 1 
^~. I 
•-I 1 
t^ 1 
(S ts 1 
CO • 1 
r- ts 1 
• + « 1 
IS -^ 1 
-P ( 
ft 1 
>» 1 
U 1 
O 1 
1 m 
1 C 
1 O 
1 -rH 
1 +J 
1 m 
1 d 
1 - H 
1 e 
1 U 
• p 
V 
T l 
<]> 
+J 
(0 
CO 
ft 
<D 
tn 
•^ r 
o 
-p 
CO 
e 
o 
u 
m 
. Q 
C/3 
+ I 
C 
(0 
4) 
£ 
4; 
•P 
4) 
U 
CO 
T> 
- p 
u 0 
ft 
4) 
S-l 
tn 
4) 
3 
rH 
CO 
> 
i2i 
05 
(D 
r-l 
^ 03 
e-
• H 
«J 
+J 
a 
>. V( 
0 
0 
3 
1-1 
rH 
- H 
u 
c — 0 -P 
r-l x : 
/ H 
O T ) 
O 
<0 
- H bfl 
' - t AS 
X bo 
-P S 
•H 
D Cv] 
- H 1 
(0 txj 
G to 
• H 2 
4J : 
to <H 1 
4) O 1 
+3 I 
G G 1 
• H 0 1 
• H 1 
P - P 1 
U U 1 
- P 1 
m M t 
O -w 1 
C 1 
4) - H 1 
rH e 1 
•H n 1 
m <0 1 
O I 
U r-l 1 
ft 03 1 
C 0 1 
O 1 
• H V 1 
-P r H 1 
3 M 1 
X I C 1 
• H - H 1 
• p 1 
«] bO 1 
• H G 1 
T l - H 1 
» 1 
. H 0 1 
(0 r H 1 
+ i - H 1 
(U 0 1 
S < H 1 
c 
•H 
4) 
0 
tffl 
e 1 
\ ba 1 
^ 1 
' G 
' Cv3 
I I^J 
1 ^ 
1 - H 
1 Z 
3 
u 
>H 
O 1 
tX) 1 
S 1 
03 i 
U 1 
(0 1 
G 1 
0 1 
• H 1 
•P 1 
0 1 
« 1 
M 1 
fX4 1 
1 '""^ 
( in 
1 * I S 
1 en (S 
1 lO • 
1 ts S 
1 • +t 
1 <S — 
1 t n «H 
I (M . 
1 C M S ) 
i • 4-i 
1 »H --^ 
«s 1 IS 
> 
en 
<S 
® 
CO 
S 
<S 
tS) 
^—\ l O 
>H 
03 • 
' J ' Q 
• + t 
r-( -^^ 
.--^  CJ 
* • * 
lO • 
"H ! S 
• +1 
ID w 
3 
r H 
rH 
- H 
> 
^ 4> 
0. 
ft 
D 
CO 
* S CD ( S 
CD . 
Q S> 
• + < 
C M S 
CO • 
1 ^ 
Q ^^ 
(S 
!S 
si 
CM 
Q 
S! 
s 
S) 
S 
si 
/—% lO 
r-t 
• ^ • 
^ S) 
• + > 
T H V - -
, , 5) 
* CM 
IS • 
"a* S5 
• + • y-i —-
3 
.H 
r H 
- H 
> 
4J 
r H 
-o t3 
• H 
s 
, H 
n* 
S3 Q 
t ^ 
CQ S ) 
S! 
+ 1 
r^ S! t o 
y-t 
• 
SJ 
. 
s> 
+ 1 
S! 
•<a< S3 
i n 
(SS> 
si 
SI 
S) 
S 
S 
S) 
SJ 
CD 
+ 1 
.—» CD 
. H 
• 
•>* s> 
. T H 
* 
ro 
»H 
. 
• H 
to 
3 
r-l 
r H 
• H 
> 
S-l 
(U 
s 
o J 
+ I 
-^^  OJ 
S> 
si 
+ i 
(75 
»H 
S? S) 
t - • 
»H ( S 
- +* SI - ^ 
CO (Si 
iO • 
S 5 Q 
- + « 
S S i 
t ^ • 
S3 S3 
• + . S3 -— 
SI 
S3 
E} 
S3 
S! 
si 
—^^  
•"3" 1 
. - 1 1 
LO - 1 
C O S 3 , 1 
• + ' 1 
T H ^-- 1 
/ — • 1 
C73 1 
* S3 1 
• H . 1 
CM S i 1 
• + 1 1 
T H ^^ 1 
- p 1 
ft > 
!>> i 
^^  ! 
a 1 
in 
G 
o 
• H 
-p 
G 
- H 
S 
u 
4) 
-P 
4) 
T ) 
4) 
-P 
(0 
5-1 
ft 
43 
tn 
LO 
o 
-p 
CO 
g 
o 
u 
<H 
d 
to 
-t- f 
G 
r3 
4» 
e 
43 
-P 
4) 
J^ 
Vi 
43 
3 
rH 
03 
> 
122 
CO 
4) 
1—I 
CT 
ft 
3 
O 
t< 
tifl 
rH 
o 
>H 
+J 
G 
O 
C 
4) 
> 
• H 
•P 
O 
43 
ft 
<v 
0 
-p 
x> 
43 
<0 
ft 
g 
O 
0 
S3 
si 
v 
O J 
• ) t 
Iv 
123 
4.4 DISCDSSIQN 
Evidence for the ability of fluoride to stimulate 
Ca -uptake all along the villus cells in rat intestine has 
been presented. Fluoride effectively stimulated Ca -
uptake in vitro under conditions that approached those 
2 + 
encountered in vivo. The Ca mobilizing action of NaF has 
often been reported in various kinds of cells (Kaul, 1976). 
The results indicate that high fluoride concentrations can 
cause substantial damage to intestinal epithelial cells. An 
uncontrolled and sustained increase in cytosolic Ca 
concentration has been implicated as an early event in the 
development of toxic cell injury (Jewell _et _a]^ . , 1982). 
Studies have revealed that metabolism of several toxic 
9 + 
agents is associated with the impairment of Ca -transport 
across mitochondria, endoplasmic reticulum and plasma 
membrane. When this occurs, calcium is released from 
intracellular stores and cannot be mobilized. Furthermore, 
inhibition of Ca -ATPase on fluoride administration is 
reported from our laboratory (Rastogi et al^ . , 1987). The 
inhibition of Ca -ATPase can cause restriction of Ca -
efflux, which may result in a sustained elevation of its 
cytosolic concentration. This may further result in the 
activation of Ca"^  -dependent degradative enzymes, such as 
phospholipases, proteases and endonucleases, which in turn 
may cause cell damage. 
The effect of fluoride on calpain activity along 
12-^  
villus to crypt axis in rat intestinal epithelial cells has 
been studied. The results indicated the increase of calpain 
activity along villus cells following NaF treatment which 
seems to be due to increased rates of Ca -dependent 
proteolysis. The regulation of calpain activity is directly 
linked with Ca*^  concentration. The results are in 
9 + 
agreement with the In vitro finding that Ca -uptake 
increases along villus cells on fluoride treatment. Recent 
reports also provide evidence that NaF elevates Ca through 
G-protein (Kawase, et al.,1988) . It is generally accepted 
that G-protein activated by Ca mobilising agents generate 
inositol tris phosphate (IP^) through phospholipase C, which 
is one of the intracellular messenger to release Ca'' from 
intracellular stores (Berridge and Irvine, 1984). This 
could lead to the activation of entire calpain phenomena 
includi.ng the calpain activities. Significantly expressed 
calpain activities in all the villus regions of NaF treated 
animals suggest that fluoride evoked a transient increase in 
Ca"" , of course, through the stimulation of G-proteins. It 
also suggests that Ca -mediated proteolysis may be one of 
the mechanisms for loss of plasma membrane permeability 
barrier leading to the cellular damage along villus axis. 
On the other hand, inhibited levels of calpain in crypt zone 
cells (dividing immature cells) of NaF treated group, as 
compared to the normal, indicates that the G-protein and/or 
related enzyme system(s) are not developed in the crypt zone 
cells as to cope up with the fluoride activation phenomena 
\2b 
(Table 7 and Fig. 15). This is also in agreement with the 
finding that following in vitro fluoride treatment,the Ca -
uptake declined significantly in crypt zone cells. 
Fluoride caused alterations involving Ca*^  -stimulated 
proteolytic activities, could disturb the balance of cell 
proliferation in the crypt and exfoliation of migrating 
cells at the tip of the villi. The balance of cell 
proliferation and exfoliation under physiological conditions 
is influenced by a great number of endogenous and exogenous 
factors. Involvement of calpain in the regulation of cell 
differentiation has been shown in the preceding chapter. 
Therefore, it is possible that NaF ingestion may mediate 
some intracellular responses during the cell differentiation 
stages. The significant activation of calpain by NaF can 
also influence the membrane structure by disturbing the 
structural organization of the lipid bilayer (Verhallen _et 
ai.,1988). 
The result indicated marked increase in Ca levels 
almost throughout the villus and crypt region following 
single oral dose of NaF administration. The difference in 
2-1-
the level of Ca in different villus region, decrease in 
n 1 pa. 
Ca uptake in vitro and increase in Ca level in vivo in 
crypt region may be due to the different method adopted. 
<:> + 
However there is an increase in Ca'' level along villus 
cells as demonstrated by in vivo and in vitro experiments of 
NaF treatment. This could also be due to damage of the 
12G 
intestinal epithelial cell membrane by NaF. The increased 
permeability of the cell surface membrane could cause 
increased level of Ca" concentration in the cell. Other 
metal ions are present in trace amounts, and are usually 
tightly bound to the proteins and do not show significant 
change. The distribution profile of Mg, Cr, Cu, Ni, Fe and 
Zn indicated minor variations. These findings indicate a 
possible interactive relationship between fluoride ingestion 
and modulation of calpain activity. 
Percent calcium-binding to intestional epithelial cell 
membrane remained the same throughout the cell 
differentiation stages following fluoride treatment. 
Conversely, the untreated normal animals revealed a 
continuous increasing trend of Ca binding towards crypt 
zone. This indicates that in normal animal there seems to 
be more affinity for Ca by crypt region cells membrane as 
compared to the mature villus zone. The nominal 
incorporation by upper villus membrane was approximately 5-
6%. Almost the same incorporation was observed throughout 
the differentiation stages following fluoride treatment. It 
might be due to the formation of Ca-fluoride complex which 
probably could not provide more available binding sites for 
calcium by membranes of maturing villus as well as immature 
crypt cells, despite of their having more affinity for 
calcium. However, more detailed studies at molecular level 
are needed to understand the actual mechanism. The 
phenomena of Ca-binding with membranes particularly at cell 
•f27 
differentiation stages seems to be of significant 
importance, as the role of calpain at surface membrane would 
be well influenced by the presence of calcium. Altered 
2 + Ca -binding has also been implicated in various membrane 
abnormalities including pathogenesis of hypertension 
(Devynck et al. 1982; Erne et al., 1984). 
s u m n A R Y 
'T2S 
snm&si 
A cell is an organism in itself. It consists of a 
cell surface membrane enclosing thousands of different 
molecules that makes up the machinary of life. Much of the 
physiology of cell is controlled at the plasma membrane 
level. Calcium ion is critically important regulator of the 
activity of the cell. In addition to a wide variety of 
function, calcium also helps cell membranes to maintain 
their structure and cling together. 
Increasing evidence indicates that calcium ion plays 
as an intracellular mediator and is no doubt involved in the 
regulation of variety of biological processes in response to 
external stimuli. In many cases, calcium ion acts through 
calmodulin (CaM) and a number of CaM sensitive enzymes such 
as Ca -activated neutral protease (calpain) which contains 
two domains significantly homologous to thiol proteases and 
O J. 
a Ca"^  -binding domain. Calpain a ubiquitous calcium 
activated neutral protease is known to be present in atleast 
two forms calpain I a micromolar Ca"^  -requiring and calpain 
II a millimolar Ca -requiring enzyme. 
It is well established that many proteins are subject 
to turnover. Therefore one of the main functions of 
proteases lies in their participation of normal turnover of 
protein and provides a level of quality control, for the 
cellular protein pool by eliminating abnormal and 
potentially toxic proteins. Turnover of proteins is the 
129 
result of complicated interplay of synthetic reactions and 
degradative processes. Moreover they are influenced by many 
variables such as nutritional, growth phase and process of 
differentiation. Limited proteolysis is applied not only to 
proteolytic activation of inactive proenzyme, but also to 
proteolytic modification as well as maturation (or 
processing) of proteins. To obtain insight into regulatory 
functions of calpain, it is necessary to understand these 
functions and to study how they can be controlled. 
To the best of our knowledge no detailed study dealing 
calpain in intestine has been carried out. Therefore 
isolation, partial purification and characterization of 
calpains and its endogenous inhibitor calpastatin was 
attempted with a view to understand their physiological role 
in rat intestinal epithelial cells. 
The presence of calpain I, II as well as calpastatin 
in rat intestinal epithelial cells have successfully been 
demonstrated. The Ca^ - dependent neutral proteases 
(calpain I and II) were partially purified by judicious 
combination of dialysis, DEAE cellulose and gel filtration 
chromatography. Calpain I and II V7ere partially purified to 
1300 and 887 folds respectively. The percent yield obtained 
for calpain I and II were 57 and 53 respectively. The rat 
intestinal calpain I and II were optimally active at 25 JUM 
and 4 mM CaClo respectively. They showed maximum activity 
at pH 7,5. Calpastatin isolated as partially purified 
preparation demonstrated drastic inhibition of calpain I and 
'130 
II at very low concentrations. The one-half activities of 
calpain I and II were inhibited by calpastatin at 1.75 and 
1.86 ug protein concentration respectively. The partially 
purified enzyme preparations were found to be satisfactory 
to elucidate the role of calpain under various physiological 
and pathological conditions. 
Development of intestinal epithelial cell is highly 
complex and archestrated event. The underlying process 
which control cell division, differentiation and denudation 
of upper villus cells remain to be elucidated. Several 
lines of evidence suggest a possible relationship between 
intracellular protein breakdown and both cell 
differentiation and maturation. Therefore, studies taking 
into account a dynamic and fluctuating balance between 
calpain and calpastatin in cell differentiation and aging 
process seems to be promising. The intestinal epithelium 
lends itself well to such a study because of the unique 
segregation of cells as they migrate from crypt zone to the 
villus tip. The epithelial cell beginsas undifferentiated, 
mitotically active cells at the base of the crypt and 
differentiates as it moves up villus to reach full maturity. 
Relative amount of calpain and calpastatin in different area 
of villus and crypt cells may be crucial for the role of 
Ca"''"-dependent proteolytic activity during development and 
morphological differentiation. 
Therefore an attempt has been made to see how calpain 
131 
expression is developmentally related in the intestinal 
epithelial cells on the gradient of crypt to villus zone in 
neonatal to old rats. Furthermore, differential expression 
of calpain I, II and calpastatin along villus to crypt axis 
has also been evaluated in adult rat. Previous reports in 
brain generally provide no information regarding calpain I 
in aging process. Although calpain I is generally thought 
to be physiologically more important than mM Ca requiring 
2 + 
calpain II. Calpain I can be activated to 5 0 % at 2 uM Ca 
9-1-
which is not far from the average Ca" concentration in the 
cell. Since calpain II is reported to be activated at cell 
9+ 
membrane surface on Ca"^  -dependent binding and reducing its 
calcium requirement to uM. Therefore Ca -membrane binding 
study has also been carried out. 
The overall results regarding age-related changes of 
calpain I and II indicate that the expression of enzyme are 
not identical along villus to crypt axis in the intestine of 
weanling, adult and old rats and modulation with aging are 
somewhat different regionally. Influences on regional 
heterogeneity may be contributed by differences in 
substrates, their relative concentx-ations, degree of 
membrane binding and posttranslational modification etc. 
Result reveals that 'calpain I is not well expressed in upper 
villus of weanling rats in dialysed material as well as in 
DEAE eluates. While calpain II is present in abundance in 
DEAE eluate. Whereas, in adult rats both calpain I and II 
are present in dialysed and DEAE cellulose eluate. In old 
t32 
rats only calpain I is significantly present in dialysed as 
well as DEAE eluate of upper villus region indicating 
thereby the conversion of calpain II into calpain I along 
the aging process and this conversion is developmentally 
regulated. 
Survey of results also indicate that in various 
regions calpains either I or II or both is not present in 
dialysed homogenate. But after removal of calpastatin on 
DEAE cellulose fractionation, calpain activities are 
significantly expressed. Therefore, it seems clear that 
expression of calpain activities are totally regulated by 
calpastatin and calpastatin concentrations vary all along 
the crypt to villus region as per its requirements. 
Observations described here provide first 
demonstration about distribution profile of calpain and 
calpastatin to implicate its role in regulation and/or 
expression of differentiation in adult rat intestinal 
epithelial cell system. Results, further, implicate that 
proteolytic properties may not be identical throughout the 
gradient of differentiation along villus to crypt axis. The 
data in the literature also support such a role for calpain in 
e 
morphological differ^tiation as cytoskeletal, proteins are 
selective substrates for calpain which may be implicated to 
regulate the surface chemistry and morphology of the cells. 
The change in calpain dynamics can be correlated with 
morphological differentiation. The activity of calpain was 
i .1 w 
not properly expressed in middle and lower villus of adult 
rat intestine until removal of the inhibitor. 
Concomitantly, the activity of calpastatin increased in 
lower and middle villus region which subjectively accounts 
unexpressed calpain activity. 
The result very well suggests that calpain may be 
quite primary in morphological event. If the growth of 
cytoskeletal proteins is ongoing, limited degradative action 
of associated protease such as calpains in upper villus and 
crypt, inhibition of calpains in middle and lower villus 
cells might alter the dynamic balance of synthesis and 
degradation. The findings presented for cell 
differentiation of intestinal epithelial cells indicate 
atleast part of the general mechanism by which cell 
differentiation is encouraged. 
9 J. 
Transient changes in cytosolic Ca underlie a number 
of important physiological processes which include 
regulation of cell structure and its function. On the other 
hand, the impairment of mechanisms that regulates cytosolic 
Ca*^  level can result in nonphysiological increase of Ca'' 
in the cytosol. Since this may be associated with the 
activation of certain degradative enzymes, it has been' 
proposed that cell damage caused by various toxic agents 
could be mediated by a sustained elevation of oj'tosolic Ca^ "*" 
concentration. To study fluoride mediated changes in 
calpain activity in intestinal epithelial cells, Ga^^-
membrane .incorporation, Ca^^ uptake and redistribution of 
13-^ 
metals in intestinal epithelial cells essentially provides 
certain insights for the mechanism of action of fluoride in 
the modulation of calpain dynamics during differentiation 
stages. Intestinal epithelial cells isolated along the 
04. 
gradient of differentiation revealed that Ca uptake 
decreases from villus to crypt axis. Fluoride treatment (5 
04. 
and 10 mM) caused an enhancement of Ca*^  uptake upto 59% in 
upper villus and 20% in middle villus. However, crypt zone 
cells showed decline of upto 20%. Further, ir^  vivo ' studies 
following oral administration of fluoride (25 mg/kg body 
wt.) revealed significant alterations in the dynamic balance 
of calpain I and II activities along villus to crypt axis. 
Increase of calpain activities throughout villus zone was 
the indication of an enhanced rate of Ca dependent 
proteolysis due to fluoride possibly through the involvement 
of G-proteins in the process of Ca-mobilization. 
Conversely, crypt cells where G-protein and or related 
ensyme(s) systems are probably not properly developed, 
94. 
revealed low Ca ' uptake and inhibition of calpain 
activities. In addition Ca'" -membrane binding studies 
further correlates well with calpain regulatory phenomena 
all along the villus to crypt axis. Calpain mediated 
proteolysis which has been suggested as being a defence/or 
regulatory mechanism for the removal of protein damaged by 
xenobiotic insult^ may also be a rapid and novel index of 
xenobiotic mediated cellular injury. 
It can be concluded that the possible influence of 
j-i r-
calpains and calpastatin in intestinal epithelial cells 
could provide an interesting perspective atleast to consider 
their roles in intestinal epithelial cells during 
differentiation and aging process, a condition in which 
proteins of cytoskeleton, and membranes are normally-
processed. Furthermore, several other processes involved in 
the entire calcium cascade would also get influenced in case 
of calpain modulation. Intestinal epithelial cells and 
their surface membranes are the first target sites of insult 
on entry of various chemicals through water and food. 
Therefore, studies on intestinal epithelial cells calpain 
under chemical stress could provide some insights atleast in 
part into the mechanism of cell and cell membrane damage due 
to alteration in intracellular calcium. 
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